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Evaluation of iron-protein complexes in iron-fortified dairy products 
Characterization of post-absorptive behavior of ~-lactoglobulin for control of spore 
and microbial adhesion to dairy product processing and packaging surfaces 
Method for identifying batch of origin in semi-continuous cheese making 
processes 
Optimization of the sensory characteristics of flavored yogurt 
Acid whey utilization : functional properties of a food grade stabilizer produced by 
Lactobacillus plantarum from acid whey 
Utilization of acid whey as a substrate for the production of food grade cellulases 
Ultrafiltration/Reverse Osmosis 
Cottage cheese from ultrafiltered skim milk by direct acidification 
Cogeneration of biogas and single cell protein from ultrafiltration permeate and 
whey 
Continuous production of cottage cheese from ultrafiltrated skim milk retentate 
High yield, low moisture cheese from homogenized UF milk 
Properties of low-fat yogurt manufactured from ultrafiltered and ultra-high 
temperature treated milk 
Development of a process for production of UF milk retentate 
Membrane fractionation of immunoglobulins from milk and whey 
Microbiology of Starter Cultures 
Effect of proteolytic enzymes on transfection and transformation of Streptococcus 
lactis protoplasts 
Proteinase negative lactic cultures: genetic analysis and cheese yield 
Rapid assay for heat resistant microbial proteases in raw milk by a simple casein 
denaturation method 
Production of omega-3 fatty acids by genetically altered fungi and lactic acid 
bacteria 
Cloning the nisin and other genes of lactic streptococci into Leuconostoc species 
and amplification of nisin production 
Characterization of bacteriophage receptor sites of Lactococcus bacteria 
Purification of a bacteriocin from Pediococcus pentosaceus and genetic transfer 
of the plasmid borne determinant 
Prediction and determination of the efficacy of nisin in dairy foods 
Studies on growth and survival of Bifidobacterium species in milk 
Characterization of milk proteolysis by lactococcal starter culture strains using 
amino acid analysis 
Curd Formation/Cheese Technology 
The OMNISPEC Biomonitor 
The "OMNJSPEC Biomonitor" is an automated instrument with 
numerous applications in dairy, food, medical. and environmental 
laboratories. The instrument consists of an incubator containing robotics 
that automatically and continuously rotate Microtiter~ plates over a 
reflectance color meter detector module. The detector uses the entire visual 
spectrum thus allowing incorporation of any of the traditional dyes used in 
microbiological research and quality control. Changes in color are recorded 
and used to detect previously selected endpoints. The endpoints allow 
calculation of the original bioburdens in the samples. Modification of media 
and dyes allows detection OC different types of bioburden. The instrument 
may be coupled with an IBM-compatible microcomputer/controller that 
prints out all results automatically. 
The above unit is referred to as the "analyzer robot". Sample 
preparation for inclusion in this unit would require manual dilutions, etc. 
When combined with a Zymark "sampler robot", the unit would conduct all of 
the steps associated with preparing Stomached or blended homogenates for 
introduction into the incubator. For example, the "sampler robot" could 
transfer a test tube from an ice bath to a pasteurizer bath with 30 miilute i: 
I sec precision for a laboratory pasteurized count test! It could then transfer 
the heated and cooled sampled, add reagents, fill the plates and transfer 
them to the "analyzer robot"". The combination of these two units would 
mate larger laboratories significantly more productive. 
Test Capabilities: 
•Rapid bioburden assays (equivalent to most probable number. 
aerobic plate count. etc. techniques) to less than one colony forming unit 
(cfu)/ mL in 3 to 33 hours. depending upon the microbial load. 
•Antibiotics assays in O.S to 2 hours to detect nonspecific inhibitors of 
lactic cultures down to O.OOOS International Units (IU)/ mL of penicillin 
equivalents. The instrument can also provide greater precision and 
quantitation than other with tests. such as the B.1ciUus sterolbermop1JiJus 
methods. 
•Abnormal milk detection available immediately upon first reading of 
samples in incubator. The pH and chloride ions can be measured. 
•Coliforms. laboratory pasteurization counts (spore counts). 
psychrotrophs (gram negatives). shelf life prediCtions. yeast counts. 
staphylococci counts. culture activity tests, etc.. can be determined more 
rapidly than with traditional methods. Only media and procedures need 
modification to change tests. The computer can be programmed to detect 
any combination of samples within a MicrotiterN plate. 
•Agglutination of lactic cultures and culture reduction of a medium 
can be measured. 
•Proteolytic and lipolytic enzymes can be quantitated. 
•Opaque. turbid. and clear solutions can be measured using all three 
parameters of an L •a•b• color system. 
•Color quality of foods can be monitored. 
Advantages: 
•Versatility allows from one to 1920 samples per day in a single 
incubator. With two incubators 3840 samples can be simultaneously 
monitored. 
•Data generated relates better to important parameters like shelf life 
or sterility or post pasteurization contamination than traditional plate counts. 
•Results are available much faster than with traditional plate counts. 
•The same dyes that have been traditionally used in microbiology can 
be employed; i.e. resazurin. bromcresol purple. brom thymol blue. TTC. CVT. 
litmus, etc. 
•There is no temperature or electrical stabilization time requiremen~. 
•Tests can be interrupted or removed from incubator without causmg 
problems with the endpoints. 
•Low cost disposables are below 2c each! 
•Samples and plates can be prepared manually using traditional 
MicrotiterM pipets and diluters. Sample preparation. plate preparation. and 
plate introduction into incubator can be automated through incorporation of 
a Zymate II Robot (Zy mark Corp. Hopkinton. MA 0 17-48 ). 
• Assays can be mixed within one plate since detector/computer can 
apply different endpoint requirements to each weij. 
•Fewer methods require solid media. 
•Preincubation of homogenized (Stomached) samples allows detection 
of less than 1 cfu/ mL. 
• Minimal labor requirements. 
•Totally automated incubation. data collection, and printouts. 
G.H. Richardson, 27 Dec 1986 
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The Zymate System performs 
automated procedures for a 
broad range of applications -
from routine quality control 
tests to process control pro· 
cedures to specialized re· 
search techniques. Zymate Ap· 
pllcations fall into one of 
two categories - custom or 
standard. 
A custom application is a pro-
cedure which is automated to 
duplicate your existing manual 
method as nearly as possible. 
Your Zymate representative will 
review your detailed procedure 
and recommend a Zymate 
System configuration to meet 
your application requirements. 
A Zymark Systems Engineer is 
assigned to each customer 
order to plan the application in 
detail and insure that the re· 
quired modules and acces· 
series are provided. Some 
preliminary applications pro· 
gramming will be provided. and 
you will receive training to 
complete the implementation 
of your procedure. 
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The following list illustrates the wide variety of Zymate applications 
10 a diverse number of industries. 
General Sample Preparation 
Automated Weighing 
Automated Extractions 
Chromatography (HPLC 
and GC) 
Sample Introduction 
Spectrophotometry 
Nuclear Magnetic Resonance 
Differential Scanning 
Calorimetry 
Tensile (lnstron) Testing 
Hazardous Werle: Environments 
Radioactive, toxic and 
carcinogenic chemicals 
Cold and low humidity 
conditions 
Ultrasonic Exposure 
Pharmaceutical 
Dissolution Testing 
Content Uniformity 
Tablet Assays 
Karl Fischer Titrations 
Pyrogen Testing (LAL Assay) 
Biochemistry 
Total Protein Assays 
Enzyme Kinetics 
Receptor Binding Assays 
Genetic Engineering 
lmmunoassays (ELISA. RIA, 
EIA) 
Chemical 
Elemental Analysis 
Automated Titrations 
Polymer Testing 
Wet Chemistry Procedures 
X-Ray Diffract ion Analysis 
Environmental 
Biological Oxygen Demand 
Total Organic Carbcn 
Total or % Solids Assays 
EPA Methods 601 and 602 
Food and Beverage 
Nutritional Testing 
Dye Analysis 
Fat and Moisture Content 
Protein Analysis 
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Project Title: Prediction of cooling rate of Cheddar cheese blocks: Effect of 
cheese composition and cooling method 
Personnel: J.A. Torres, Assistant Professor, Food Science and Technology, Oregon State 
University 
F.W. Bodyfelt, Professor, Food Science and Technology, Oregon State 
University 
C. Grazier, Graduate Research Assistant, Food Science and Technology, 
Oregon State University 
R. Simpson, Graduate Research Assistant, Food Science and Technology, 
Oregon State University 
J.Bouzas, Graduate Research Assistant, Food Science and Technology, 
Oregon State University 
Funding Sources: Western Dairy Foods Research Center 
Objectives: 
Tillamook County Creamery Assoc. (Tillamook, OR) 
Oregon State University Agricultural Experiment Station 
Utah Agricultural Experiment Station 
The goal of this project is to examine the cooling of Cheddar cheese blocks before cheese aging 
which is believed to be one of the last processing steps requiring tighter control to achieve a more 
uniform and consistent cheese quality. This would increase consumer confidence in the product 
and increase Cheddar cheese consumption. 
The specific objectives of this research project are: 
I . To demonstrate that a more consistent quality can be achieved by controlling the cooling rate 
of the Cheddar cheese blocks to be aged. 
2. To develop a computer program that calculates cooling rate as a function of cooling conditions 
and Cheddar cheese composition. This program will be made available to Cheddar cheese 
manufacturers. 
3. To identify a starter bacteria to adventitious microorganisms ratio associated with a desirable 
Cheddar cheese quality as identified by sensory analysis and confirmed by chemical analysis. 
4. To use a combined heat transfer and microbial activity model to determine the cooling rate that 
gives after cooling a desirable starter bacteria to adventitious microorganisms ratio. 
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roject Title: 
ersonnel: 
Funding Sources: 
Objectives: 
Cheddar cheese blocks: Effect of cheese 
composition and cooling methods 
J Antonjo Torres, Principal Investigator, Dept. of Food Sci. 
& Technology, Oregon State University 
Floyd W Bodyfelt, Principal Investigator, Dept. of Food Sci. 
& Technology, Oregon State University 
Conly L Hansen, Principal Investigator, Dept. of Nutrition 
and Food Sciences, Utah State University 
Jorge Bouzas, Ph.D. Graduate Student, Dept. of Food Sci. 
& Technology, OSU 
Connie Grazjer, M.S. Graduate Student, Dept. of Food Sci. 
& Technology, OSU 
Ricardo Simpson, M.S. Graduate Student, Dept. of Food 
Sci. & Technology,OSU 
Western Dairy Foods Research Center 
Tillamook County Creamery Assoc. (Tillamook, OR) 
1. To develop a computer program that calculates cooling rate of 40 lb and 640 lb 
blocks as a function of cooling conditions and Cheddar cheese composition . 
2. To demonstrate that a more consistent quality can be achieved by controlling the 
cooling rate of 40 and 640 lb Cheddar cheese blocks. 
3. To evaluate the sensory properties of a commercial Cheddar cheese. 
4. To identify temperature conditions leading to sensory properties similar to 
commercial Cheddar and confirmed by chemical and microbial analysis. 
5. To use a combined heat transfer and microbial activity model to determine the 
cooling rate and aging room temperature that result in the sensory quality identified 
in (4) in a uniform manner. 
6. To quantify the effect of heterogeneous temperature distributions and microbial 
activity on the chemical and sensory characteristics of 640 lb cheese blocks. 
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To use a mathematical optimization method to determine cooling conditions that 
reduce sensory differences between the various locations in 640 lb cheese blocks. 
Results: 
he experimental procedures used in this research were developed primarily to 
FICcommodate the wide range of temperature effects to be covered (5-35°C} and the 
!arge experimental error associated with sensory analysis. Samples were drawn from 
pommercial producti.on after the pressing step in the process used at Tillamook County 
Creamery Assoc. (Tillamook, OR). Blocks were cut and vacuum wrapped under 
sanitary conditions. Samples were small enough to reach storage temperature within 
-2 hours. The experimental design includes two batches with two replicates stored at 
5, 15, 25 and 35°C with results of the effect on the sensory and microbial parameters 
reported last year. An additional four batches with one replicate have been tested this 
1
second year. Sensory and microbial analysis of these samples have been completed. 
hemical analysis is underway and will be completed this summer. Chemical 
analysis is underway and will be completed this summer. Engineering and modeling 
efforts will be completed by December 1990. 
Impact of Research: 
~merican is the major type of cheese produced in the United States-the vast majority 
of this is Cheddar cheese. We believe that Cheddar cheese sales could increase if 
there was less variability in product quality. The economical impact of current 
variability is enormous because much Cheddar cheese has to be marketed at a 
younger age than is perhaps optimal for best price. The frequency of the 
sourness/bitterness defect reduces its quality image, reduces its market value and also 
limits its overall consumer acceptance (sales volume) . · 
Publication and Abstracts: 
Grazier. C., and Torres, J.A. 1990. The impact of varied cooling rates on Cheddar 
cheese quality. Presented at the 79th Annual Oregon Dairy Industries 
Conference, Feb. 13-14, Eugene OR. 
Grazier, C., Simpson , R., McDaniel, M.A., Bodyfelt, F.W., Torres, J.A. 1990. 
Temperature effects on the microbial and sensory properties of Cheddar cheese. 
To be presented at the 51st Annual Meeting of the Institute of Food Technologists , 
June 17-20, Anaheim, CA. 
Grazier, C., McDaniel, M.R., Bodyfelt, F.W., and Torres, J.A. Temperature of maturation 
effects on the sensory properties of Cheddar cheese. J. Food Sci. (In review) . 
Grazier, C. , Simpson, R., Bodyfelt, F.W., and Torres, J.A. Temperature effects on the 
microbial activities occurring during cooling and age ing of Cheddar cheese. J. 
Food Sci . (In preparation ). 
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Project Title: Cooling rate of Cheddar cheese: Comparison between 40 and 640 
lb blocks and uniform cooling of 640 lb blocks 
Personnel: J.A. Torres. Assistant Professor, Food Science and Technology, Oregon State 
University 
F.W. Bodyfelt, Professor, Food Science and Technology, Oregon State 
University 
C. Grazier, Graduate Research Assistant, Food Science and Technology, 
Oregon State University 
R Simpson, Graduate Research Assistant, Food Science and Technology, 
Oregon State University 
J. Bouzas. Graduate Research Assistant, Food Science and Technology, 
Oregon State University 
Conly L. Hansen, Associate Professor, Dept. of Nutrition and Food Sciences, 
Utah State University 
Funding Sources: Western Dairy Foods Research Center 
Objectives: 
Tillamook County Creamery Assoc. (Tillamook, OR) 
Oregon State University Agricultural Experiment Station 
Utah Agricultural Experiment Station 
The goal of this research project is to suggest cooling process changes to achieve a better 
temperarure control and temperature uniformity during the cooling of 640 lb Cheddar cheese 
blocks. 
The specific objectives of this research project are: 
1. To quantify the effect of heterogeneous temperarure distributions on the residual starter culrure 
activity and the growth of adventitious microorganisms during aging of 640 lb cheese blocks. 
2. To quantify the effect of heterogeneous temperarure distributions and microbial activity on the 
chemical and sensory characteristics of 640 lb cheese blocks. 
3 . To implement a heat transfer model for the cooling of 64o lb cheese blocks. 
4. To implement a combined model for heat transfer and microbial activity of 
residual starter and typical adventitious microorganisms. 
5. To use a mathematical optimization method to determine cooling conditions that reduce 
sensory differences between the various locations in a 640 lb cheese blocks. 
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Results: 
The experimemal procedures used in this research were developed primarily to accommodate the 
large experimemal error associated with sensory analysis. The design includes four batches with 
two replications at each of four temperature treatments sampled throughout the ripening process. 
Samples were drawn from commercial production after the pressing step in the process used at 
Tillamook County Creamery Assoc. (Tillamook, OR). Blocks were cut and vacuum packaged 
under sanitary conditions. Batch collection was timed for early and late lactation to take advantage 
of maximum variability among batches. Samples were stored under constant temperature 
conditions (5°C, l5°C, 25°C and 35°C). Sample size varied according to analysis need · 
(microbiology, chemistry and sensory). In all cases, samples were small enough to reach storage 
temperature within 1-2 hours. 
Heat Transfer Modelling 
A computer program for the hear transfer model described in the proposal has been implemented 
for the cooling of single blocks (any size and shape). The model takes into account the effect of 
the thermal properties of the cheese and the packing materials (one or more materials: wood, metal 
or plastic) and has been validated using data obtained at Tillamook County Creamery Assoc. and 
that published by Reinbold and Ernstrom (1 ). Further tests will be conducted at OSU and USU to 
make it available to dairy processors. 
Microbiological Analysis 
Several elements of the manufacturing process affect the types and quantities of bacteria present in 
the cheese as it goes into cooling and ripening: (a) pH of the curd; (b) the amount and timing of 
the salting; (c) the composition and inoculum level of the staner culture; (d) sanitary conditions of 
the equipment and the raw materials as well as the extent of the hear treatment of the milk before 
use. At Tillamook County Creamery Assoc., milk used for Cheddar cheese is flash heated and 
not pasteurized. 
Initially, the starter culture can be found in the aging cheese microflora in the greatest numbers 
(Fig.!). In Cheddar, this is likely to be Lactococcus cremoris. Within the first few days, a slight 
amount of growth will be observed. This is followed by a rapid die-off of cells primarily due to a 
continued drop in the pH of the cheese. Enzymes of both viable and dead staner cells are involved 
in flavor development. Staner bacteria which reach too high a level or survive too long have been 
associated with production of biner flavor defects. 
In cheese produced under good manufacturing conditions, the initial counts of non-staner 
organisms are low (Fig.!). Of the adventitious organisms, the lactobacilli are well represented. 
Characteristic Cheddar flavor can be anained without the presence of the adventitious organisms, 
but is achieved more rapidly when they are present. 
Enumeration of the non-staner fractions of bacteria present in Cheddar cheese is straightforward 
using selective or indicative media. The staner bacteria is a different problem because they require 
the use of non-selective medium and isolation of individual colonies for further characterization 
(morphological and biochemical). This procedure is time-<:onsurning, expensive and most of the 
times inconclusive. Development of the API system has facilitated this identification but remains 
an expensive procedure. 
S2.rnples collected at Tillamook were analyzed for total plate counts, coliforms, lactobacilli and 
non-staner lactobacilli. Our analysis of microbiological data has concentrated on the non-staner 
lactobacilli counts as a function of time and storage temperature. At 5°C, there is essentially no 
ctange in microbial counts for up to 80 days (Fig. 2) . It is interesting to note that this sample 
cculd be used as a reference sample where the lack of microbial growth should be reflected in 
SFecific chemical and sensory properties. At 15" C there is significant growth up to day 40 (Fig. 3) 
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At zsoc there is significant growth up to day 16 (Fig.4), and at 35°C the growth phase seem to 
end at day 6, after which significant cell count reduction occur (Fig. 5) . A statistical analysis of 
the growth data suggested the need to modify our sampling plan to include 6-10 cheese samples 
during the exponential growth phase. 
Two theoretical models can be used to analyze the exponential growth phase: the first order and 
the Verhulst equation (eqs . 1 and 2, respectively) . 
dN = )lN dt 
dN =)l [(b- N)lb] N dt 
(1) 
(2) 
where N =number of microbial counts, u =specific growth rate, t =time, and b = matirnum 
microbial counts. The effect of temperature on the specific growth rate, u, can be analyzed with 
either one of the following three models: 
)l = )lo exp [ - EaJRT ] 
)l = )lo exp (1 + cT) 
)!1/2 = b (T- T0 ) 
(3) 
(4) 
(5) 
where u0 , c, b are constants, Ea =energy of activation for growth, R =universal gas constant, T 
= absolute temperature and T 0 = theoretical minimum growth temperature. A preliminary analysis 
of the effect of temperature on the specific growth rate gave an estimate for the energy of 
activation of about 16 Kcal/g-mole. Additional experiments at other storage temperature 
conditions (12°C and 20°C) are needed to confirm this activation energy value and the 
suitability of the Arrhenius model as compared to the other available models ( eqs. 4 and 5). 
However, this low activation energy value would suggest that microbial growth of non-staner 
lactobacilli could be controlled by the diffusion of nutrients in Cheddar cheese (see Table 1). 
Enumeration of the staner culture has presented a few experimental problems. New batches will 
be enumerated using a three step approach: (I) enumeration on a semi-selective medium 
(betaglycerophosphate); (2) pure culture isolation and API characterization at 4 representative time 
points for each temperature treatment; and (3) extrapolation of the semi-selective medium API test 
results to the results obtained at other times. 
Chemical Analysis 
Chemical analysis requirements for the completion of this project include: carbohydrate and 
organic acid analysis by HPLC, D-L lactic acid determination by an enzymatic method (5,6), 
degree of proteolysis by a trinitrobenzenesulphonic acid spectrophotometric method (7), pH, and 
titratable acidity. Salt concentration, fat, moisture and total protein content were thought to be 
needed only at time 0. However, preliminary experiments show significant syneresis during 
storage, suggesting the need for more close monitoring of these values. 
We chose the following methodology for the carbohydrate and organic acid analysis of Cheddar 
cheese (2,3 ,4). Samples are extracted using an acetonitrile:water (ratio needs to be optimized), the 
mixture is centrifuged at 1600 x g and the supernatant filtered through a regenerated cellulose 
filter. Ten ul of the filtered solution will be injected into a Bio-Rad Aminex HPX-87H column 
with a Cation-H+ Microguard column. The mobile phase to be used is 0.0090 N H2S04 (flow 
race of 0.8 ml/min). Variable wavelength UV and refractive index detectors, installed in tandem, 
will be used for the quantification of organic acids and carbohydrates, respectively. Preliminary 
runs using pure carbohydrate and organic acid solutions gave good separations of major 
components (Fig. 6). 
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Sensory Analysis 
A descriptive panel has been rrained and an appropriate set of aroma and flavor-by-mouth 
descriptors have been identified. Sensory testing has been conducted on samples from two 
batc:hes pulled from manufacturing dates in January. Sensory testing was done at 90 and 120 
days into the ripening process for both batches. At 90 days, the cheese ripened at 3S°C was 
unp;alatable and was nor presented to the panel. The S°C, lS°C, and 2S°C cheeses were scored 
usintg 20 different aroma and flavor descriptors (Fig. 7) and a IS point intensity scale (Fig.8). No 
sigruificant differences were observed between batches. At 90 days, significant differences 
betv.veen temperature treatmentS were as follows (Tables 2 and 3): 
I) Overall intensity of both flavor and aroma, pungent acidic and pungent sulfur aroma, and 
goaty flavor were greater for cheeses ripened at higher ripening temperatures. 
2) Bunery aroma and flavor were significantly lower in the zsoc cheese compared to the S°C 
and lS°C cheeses. 
3) Fruity, goaty, dirty, and yeasty aroma and sour, salty, biner, fruity, dirty, and sulfur 
flavors were significantly greater in c:1eese ripened at zsoc 
At D.20 days similar trends were observed with the following exceptions: 
I) Goaty and ditty aroma, and ditty and sulfur flavor were greater at higher ripening 
temperatures. 2) Sour and salty flavors were significantly lower in the soc cheese 
compared to the lS°C and zsoc. 3) The 25°C cheese was significantly sweeter than the 
soc cheeses. In comparing 90 and 120 day cheese within each temperature treatment, 
differences were found only in cheese ripened at 25°C. 
2) Overall intensity of flavor and aroma increased significantly. 
3) Nutty aroma decreased. 
4) Dirty aroma, and dirty and sulfur flavors increased. 
In general, panelist by treatment interaction was minimal where significant differences in 
descriptor scores were detected. This allowed us to be confident in the ability of the panelists to 
describe the cheese characteristics consistently. The only exception to this was in the scoring of 
sour flavor where one panelist scored markedly different from the others. Review sessions 
emphasizing the scoring of the sour flavor will be conducted before further testing. 
Considering these findings, we have determined that more and earlier analysis is indicated for 
future batches. Later batches will be tested at 7, 30, and 60 days in addition to 90 and 120 days. 
Consent of the Human SubjeCtS Board has been obtained to test before the legal minimum of 60 
days for cheese made with unpasteurized milk. 
Impact of Research: 
American is the major type of cheese produced in the United States (2.8 billion pounds in 1986). 
The vast majority of this production is Cheddar cheese. Unfortunately, there are wide fluctuations 
in the sensory quality of individual lotS of Cheddar cheese. Conservatively, experienced cheese 
graders frequently categorize 30-40% of all American Cheddar cheese as being "high acid (sour)" 
or "biner" in off-flavor. 
One of the processing steps believed to be responsible for the lack of uniformity in Cheddar 
cheese quality is cooling of the cheese block before aging. This research project examines the 
microbiological, chemical and sensory consequences of lack of temperature control during this 
processing step and will apply engineering principles to suggest cooling conditions leading to 
more uniform and consistent quality. 
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We believe that Cheddar cheese sales are not increasing in great pan because of the high 
variability in product quality. The economical impact is enormous because: (a) much Cheddar 
cheese has to be marketed at a younger age than is perhaps oprirnal for best price; (b) the 
frequency of the sourness/bitterness defect reduces its quality image and hence reduced its market 
value (price/unit) and also limits its overall consumer acceptance (sales volume). 
References: 
1. Reinbold, R.S. and Ernstrom, C.A. 1988. Effect of non-uniform cooling on moisture, salt, 
and pH distribution in 290-kg blocks of stirred-curd Cheddar cheese. J. Dairy Sci. 71:1499. 
2 . Marsili, R.T., Ostapenko, H., Simmons, R.E. and Green, D.E. 1981. High performance 
liquid chromatography determination of organic acid in dairy products. J. Food Sci. 46:52. 
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edition, Vol.3 , pp.1464. Academic Press, NY. 
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Diffusion 
Microbial growth 
Enzyme reactions 
Hydrolysis 
Upid oxidation 
Nutrient losses 
Non-enzymatic browning 
Spore desrruction 
Vegetative cell desnuction 
Protein denaturation 
TABLE 1 
Typical Ea values, Kcallmol 
0- 15 
20-60 
10- 15 
15 
10-25 
20-30 
25-50 
60 - 80 
50- 150 
80- 120 
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AROMA SENSORY SCORES 
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TEMP 
TIME 
Overall 
Intensity . 
Buttery Nutty Fruity Pungent Pungent Goaty Dirty Yeasty 
Acidic Sulfur 
5•C 
90 days 6.8 4.5 3.1 1.7 2.0 1.3 1.9 1.2 0.4 
120 days 6.8 4.9 3.2 1.3 2.0 1.2 1.9 1.1 0.3 
15•C 
90 days 8.0 5.2 3.8 2.0 3.1 2.3 . 2.8 1.3 0.6 
120 days 8.6 5.6 4.0 2.0 3.2 2.5 3.3 2.3 0.8 
25•C 
90 days 10.0 3.7 3.4 3.5 4.9 3.9 4.8 3.9 2.0 
120 days 10 .9 3.6 2.6 4.2 5.5 3.7 5.6 4.8 2.7 
-----------------------------------------------------------------------------
TABLE 3 : DESCRIPTIVE ANALYSIS OF CHEDDAR CHEESE SAMPLES: POOLED DATA FOR BATCHES 1 AND 2 
FLA VOR-BY-lVIOUTH SENSORY SCORES 
TEMP O.I. Sour Sa tty nittcr Sweet Duttcry Nutty Fruity Goaty Dirty Sulfur 
TIME 
-----------------------------------------------------------------------------
S•C :>. 
90 days 6.9 4.9 4.9 3.5 1.7 4.1 2.4 1.1 1.4 1.1 0.6 
120 days 6.9 4.8 4.8 3.3 1.5 4.1 2.4 1.2 1.4 1.3 0.6 
15•C 
90 days 8.3 5.6 4.9 3.4 1.5 4.0 2.7 1.5 2.9 1.5 1.4 
120 days 8.2 6.0 5.4 4.0 1.8 3.9 3.1 1.5 2.7 2.3 1.5 
25•C 
90 days 10.9 6.9 6.0 6.2 2.4 2.4 2.5 2.6 5.8 4.5 3.4 
120 days 11.6 6.1 5.9 7.0 3.5 2.0 2.4 3.1 5.8 6.0 4.3 
-----------------------------------------------------------------------------
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AROMA 
Overall Intensity 
Nutty 
Fruity 
Pungent (acidic-formic) 
Pun~ec.t (sulfur) 
Go::lty (butyric} 
Dirty (isovaleric) 
Yeasty 
Other (p lease list) 
FLAVOR 
Overall . Intensity 
Sour 
Salty 
Bitter 
Sweet· 
Buttery 
Nutty 
Fruity 
Goaty (butyric) 
Dirty (isovaleric:) 
Sulfur 
Other (pleaSe list) 
FIGURE 7 . Aro111a and Flavor-by-mouth Ducripcors used. by th• tu.ined Panel 
DESCRIPTIVE CHEDDAR CHEESE PANEL 
Scoring Procedure 
None 
Just detectable 
·Slight (oil) 
4 
5 = Slight to moderate 
Sour, bitter, salt solutions 
7 Moderate ("orange" drink) 
FtGUR£ ! . Scoring Ptrformanc• Used by a trdned P•nel 
9 ::; Moder:~.te to hlrge 
1 0 
11 = Large ("grape" d~ink) 
1 2 
13 = Large to extreme 
1 4 
15 = Extreme ("Cinnamon" Gum) 
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Project Title : 
Personnel: 
Funding : 
Objectives: 
Cooling rate of Cheddar cheese : comparison between 
40 and 640 lb blocks of uniform cooling of 640 lb blocks 
J Antqnjo Tqrres , Principal Investigator. Dept. Food SCI . & 
Technology, Oregon State University 
Floyd W Bodyfelt, Principal Investigator. Dept. Food Sc1. & 
Techno logy, Oregon State University 
Cqnly L Hansen , Principal Investigator. Dept. Nutriti on & Food 
Sciences. Utah State Univers1ty 
Jorge Bouzas , Ph.D. Graduate Student , Dept. Food Sc1. & Technol .. 
osu 
Cqnnje Graz jer. M.S. Graduate Student , Dept. Food Sci. & Techno I., 
osu 
Western Dairy Foods Research Center 
Ti llamook County Creamery Assn . (Tillamook, OR) 
In spite of major research and process improvement eHorts . th ere is sti ll a wide variation in 
the sensory properties of the most popular cheese variety consumed , Cheddar cheese. 
Cooling of the freshly formed cheese is believed to be a processing step requiring closer 
control to achieve uniform and consistent flavor quality . The effect of time and 
temperature on Cheddar flavor quality was investigated on the basis of the following 
objectives : 
1. To develop a computer program that calculates cooling rate of 40 lb and 640 lb 
blocks as a function of cooling conditions and Cheddar cheese composi tion . 
2. To demonstrate that a more consistent quality can be achieved by contro lli ng th e 
cooling rate of 40 and 640 lb Cheddar cheese blocks. 
3. To evaluate sensory properties and chemical composition of a commerc1al mild 
Cheddar cheese. · 
4. To identify temperature conditions leading to sensory characterist ics sim ilar to 
commercial Cheddar cheese and confirmed by chemical and microbial analysis. 
5. To develop a mathematical model combining heat transfer calcu lat ions and kinetic 
expressions fo r the eHect of ti me and temperature on se lected sensory and 
ch emical indexes. 
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6. To use the model developed in (5) to determine the cooling rate and aging room 
temperature conditions that result 1n the quality Ident ifi ed 1n (4) 1n a un1form 
manner for the entire cheese block. 
7. To quantity the effect of heterogenous temperature dJstn bution s and m1croblai 
activ1ty on the chemical and sensory characterist ics of 640 lb cheese blocks . 
Results: 
The experimental procedures used in this research were developed primari ly to 
accommodate the wide range of temperature effects to be covered (5-35' C) and the large 
experimental error associated with sensory analysis. Samples were obtained from the 
production of a commercial cheese manufacturer (Tillamook County Creamery Assn . 
Tillamook. OR) directly after the pressing operation . Fony pound blocks from the same 
vat lot were cut into 2.5 em x 5 c. x 5 em pieces. Each piece was vacuum sh rink-
wrapped in commercial 0 2-barrier cheese fil m. Samples were small enough to reach 
storage temperature within 1-2 hours. Samples were randomly assigned to the five 
storage temperatures : 12, 15, 20 , 25. and 35' C and tested at different stages during a 
three month period. Four batches with one rep licate were used for sensory, microbial and 
chemical analysis tests. The following were the most sign ificant find1ngs : 
1. Microbial, chemical and sensory analys1s of samples stored at constant 
temperature for a three month period confirmed the imponance of early 
temperature control to avoid flavor quality problems. 
2. A kinetic analysis of microbial growth data suggests th at mi9robial activities are 
controlled by diffusion phenomena involving the movement of nutrients and/or the 
diffusion of metabolic waste from the bacterial cell . This finding needs to be 
analyzed within the context of the temperature values observed during cooling and 
aging. Cheese blocks cooled at a slow rate have a h1gh temperature during the 
first days of the ripening process and cause a rapid die-off of the starter culture. 
Faster cooling slows down the activity of the starter culture and this allows the 
starter culture to remain active for a longer period of ti me without reaching 
inhibitory conditions in the microenvironment surrou nding th e cell . A more 
extensive lactose utilization by the starter culture wou ld lead to a reduction of the 
flavor quality problems associated with the growth of adventitious microorganisms. 
3. Simulations using a computer model combining heat transfer calculations w1th 
kinetic equations for sensory and chemical changes dunng early ripening identified 
a large number of cooling (time and air temperatu re ) and ag ing (air temperature) 
conditions leading to similar values for the chemical and sensory indexes used as 
flavor quality indicators. Th is observation implies that th e optimum operatir ·; 
conditions for the -cooling and aging process covers a range of temperatures a .d 
IS not constrained to a sing le operating po int. 
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Impact of research: 
This project examined the sensory, chemical and microbial changes involved in the 
process to convert the rubbery, relatively flavorless matrix of fresh pressed curd into· 
Cheddar cheese with distinct aroma, taste, body, and texture. For Cheddar cheese a 
period of at least 5 to 10 months refrigerated storage is required, during which operating 
costs and interests on capital involved in cheese aging significantly add to the cost of 
production . Our results have been used to develop models of the aging process to select 
cooling and aging conditions leading to improved and consistent flavor quality. 
Conversations with personnel at Tillamook County Creamery Assn. who have installed 
new equipment for the rapid cooling of cheese have confirmed predictions made on the 
basis of our experimental results. 
Publications: 
Bouzas, J., Bodyfelt, F.W., and Torres, J.A. 1991 . A potential analytical assessment of 
Cheddar cheese flavor defects. Int. Dairy J.:IN PRESS. 
Bouzas, J., Kant, C. , Bodyfelt, F.W. , and Torres, J.A. 1991 . Simultaneous determination 
of sugars and organic acids in Cheddar cheese by HPLC. J. Food Sci . 56(1 ):276-
278. 
Grazier, C., McDaniel, M.R., Bodyfelt, F.W., and Torres, J.A. 1991. Temperature effects 
on the sensory properties of Cheddar cheese. J. Dairy Sci. :IN PRESS. 
Bouzas, J., Kant, C.A. , Bodyfelt, F.W., and Torres, J.A. Characterization and 
interpretation of time-temperature effects on chemical changes occurring during 
Cheddar cheese aging. Int. Dairy J. (IN REVIEW) 
Bouzas, J., Roncagliolo S., Almonacid-Merino, S.F., Banga, J.R., Simpson, R., and 
Torres, J.A. 1991 . Simulation and selection of operating conditions for the cooling 
and aging of 40 lb Cheddar cheese blocks. Food and Bioproducts Processing. (IN 
REVIEW) 
Grazier, C.L., Simpson, R., Roncagliolo, S. , Bodyfelt, F.W., and Torres, J.A. 
Temperature effects on non-starter bacteria populations during cooling and aging 
of Cheddar cheese blocks. Int. Dairy J. 
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Project Title: 
Personnel: 
Funding: 
Objectives: 
· Rapid and Uniform Cooling of Cheddar Cheese 
Blocks 
Conly L Hansen , Dept. of Nutrition and Food Sci ences, 
Utah State University. 
Sterling J Larsen, Dept. of NFS, USU 
Antonio Torres, Oregon State University 
Western Dairy Foods Research Center 
In researching the cause of high acid quality defects in American style Cheddar 
cheese, Reinbold and Ern strom (1) monitored moisture, salt, and acidity levels at 
numerous locations within large (640 lb.} Cheddar cheese blocks. Their results show 
significant variation of moisture, salt, and acidity levels according to position in the 
block. Moisture level differences were most significant, averaging S.73% less in the 
center than at the side when the cheese block was cooled at soc. When the block 
was cooled at 22oc, moisture level differences averaged 0.96%. Salt and acidity 
levels followed a similar trend with the center averaging lower levels than side 
locations. 
Temperature profiles from cheese blocks cooled at soc and 22oc suggest that 
thermal gradients within the cheese block could be the driving force for moisture 
transfer from the center of the block to the sides. Mass transfer by means of a 
temperature gradient is referred to as thermo-osmosis. Collins (2) described thermo-
osmosis as moisture movement through porous solids by three possible mechanisms. 
First, vaporization in the hotter central region occurs, vapor transfer through the 
medium follows, and the condensation in the colder exterior regions. Second, liquid 
transfer by vapor pressure differences occurs, vapor pressure being directly re lated to 
temperature. Finally, liquid transfer by capillary pressure gradients occurs due to 
su rface tension temperature dependence. Surface tension varies inversely with 
temperature. It was also shown that moisture levels stabilize within 48 hours of 
cooling initiation. 
1. Characterize the link between moisture movement within large Cheddar cheese 
blocks to the cooling rate and temperature uniformity of the block. 
2. Determine the thermal conductivity of fresh Cheddar cheese curd and compare 
the value with the thermal conductivity of aged Cheddar cheese . 
21 
3. Develop a computer model to predict internal cheese block temperature as a 
function of position and time (T(r,z,t), T(x,y,z,t)) when exposed to various cooling 
situations. 
Res.ults: 
By reversing the cooling scenario and monitoring the moisture level response , it was 
observed that moisture levels followed the reversed temperature profiles. Moisture 
was significantly greater at the colder central region and less at the warmer exterior 
locations. When temperature gradients were less than 7-80C the moisture gradients 
were less than 1.5%. 
A computer model for a cylindrical cheese block has been developed using an explicit 
finite difference method (backward difference). Modifications are underway to improve 
the accuracy of the program by using an implicit finite difference method (forward 
difference) and removing uncertain convection terms. 
Values for thermal conductivity of Cheddar cheese are tabulated for cured cheese but 
no values are given for fresh curd. The thermal conductivity probe to be used for these 
measurements has not yet been received. Completion of these tests is expected 
within the next month. Determination of possible thermal conductivity variation during 
initial cooling will also remove variation from the computer model. 
Impact of Research: 
Knowledge that large temperature gradients cause moisture transfer in large cheese 
blocks will allow possible modifications to the present cooling techniques to diminish 
moisture movement. Application could also be made to other porous products that 
undergo large thermal variation for extended lengths of time. 
Publications: 
Reinbold , R. S., and C. A. Ernstrom. 1988. Effect of nonuniform cooling on moisture, 
salt, and pH distribution in 290-ki/ogram blocks of stirred-curd Cheddar cheese. J . 
Dairy Sci.71 :1499. 
Collins , R. E. 1961 . Flow of fluids through porous materials. Reinbold Pub/. Corp., 
New York, NY. 
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Project Title: A new method for measuring syneresis of renneted gels applied to 
development of cheese. 
Personnel: Conly L. Hansen, Professor, Nutrition and Food Sciences, Utah State 
University. 
Funding Sources: Western Dairy Foods Research Center 
National Dairy Promotion and Research Board 
Objectives: 
The primary objective is to develop a rapid, inexpensive, accurate, real time method of measuring 
syneresis. 
Specific Objectives 
Results: 
1) Determine the necessary optical components and the relative optimal spacing. 
2) Design and calibrate the sampling vial for the desired optical characteristics. 
3) Create a program that will use the measured amount of light scattered to compute 
the particle size. 
4) Determine the optimal angle for collection of scartering data. 
5) Make some measurements of syneresis with this me.thod. 
New Project. We have bought the laser, lens and assoned hardware and are now building the 
device. At the same time the graduate student on the project has started writing the code to conven 
light readings into curd size. 
Impact of Research: 
Syneresis is imponant in many dairy products and especially in the manufacture of cheese. It is 
the underlying physical mechanism that produces cheese from milk. Over the years there have 
been many projects devoted to understanding syneresis. The secrets of syneresis still elude 
researchers (Walsrra et al., 1985). Today the factors that affect syneresis are understood better 
than ever before but syneresis itself is still some what of a mystery. The major reason for this is 
the inability to make accurate measurements (Fox, P. F., 1987). This factor permeates all 
research on syneresis and the factors that affect it. If the syneresis of curd particles were 
measured accurately we would be able to understand syneresis better and make inroads into 
controlling it. By contrOlling it we could better control the qualiry and optimize the quantity of 
cheese produced, we could improve sheif life of dairy products and insure the product was more 
appealing at the time of sale, and we could create new products by altering the process during 
manufacrure. 
To control syneresis you must understand it first. Knowing the rate of syneresis is inherent to 
understanding it. Over 400 methods have been tried to accurately measure the rate of syneresis 
and there are inaccuracies inherent in each (Stoll, W.F., 1966). The properties of the surrounding 
media can affect the rate of syneresis (Walstra et al., 1985). 
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Still another family of methods depends upon a dilution of a substance in the whey. After the curd 
is formed this cracer is added to the whey. At time intervals samples are drawn and the 
concentration of the tracer is measured. But this too has inherent inaccuracies as invariably some 
of the tracer is absorbed into or bound onto the curd itself (Zviedraus, P. and Graham, E.R.B ., 
1981), e.g. cheese made from goats milk (Nilsen, K.O. and Abrahamson, R.K., 1985). 
A recent approach proposed by Pearse et a!. ( 1985) utilizes the optical properties of the whey as a 
measure of syneresis. Samples of the whey drawn at intervals shows that the optical 
characteristics change with time. This is what would be expected as the concencration of whey 
solids is diluted. But their method is not free of errors (Pearse, eta!., 1984). 
And with all of the above methods time, is a major factor. A lot of time is required to run an 
analysis on a batch and hence makes an exhaustive analysis of even one factor difficult 
(Ernstrom, C.A., 1988). But the method we propose will be much faster and more accurate. 
This method will use the light scanering characteristics of the curd itself to analyze the curd size. 
This method will not have the drawback of being absorbed into the curd as in the tracer method, 
or the inconvenience of having to separate the curd from the whey for measuring. By making 
more measurements in a run, the size of the curd vs. time may be plotted and a rate of shrinkage 
can be calculated. Since the curd is not removed from the 
whey, and since the environment can remain intact the effects of the measurement on the curd will 
be minimal. This method will give us a much more accurate picture of the rate of syneresis. 
This,technology is new to the dairy industry and may prove valuable in many areas. It may 
eventually provide a method for measuring the size of proteins and fat structures in milk. And 
related technologies may help in analysis of moisture content, fat and solids not fat in a quicker 
fashion. 
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Yields, again, were not significantly different (see charts 1 and 2). The ropy vat did show 
improved protein recovery, but not enough co cause a significant increase in yield. 
Impact of Research: 
1. Potencial method for moisrure conrrol in milk gels which have experienced various rrearments 
affecting warer holding capacity. 
2. Incorporation of polysaccharide material into the cheese curd may improve body and texrure. 
At this point, it is not apparent char polysaccharide incorporation has been accomplished. 
Body and texrure effects are being evaluated. 
Publications: 
Olsen, R. L. 1989. Effect ofexopo1ysaccharides from Streptococcus thermophiius on 
mozzarella cheese yield. J. Dairy Sci. 7l(Suppl. 1). Manuscript in preparation. 
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Figure 1. Effects of polysaccharide 
materials on syneresis with ropy and 
nonropy cultures 
Whey volume (milliliters) 
5 10 15 20 25 30 35 40 45 50 55 
Time (minutes) 
Nonropy culture ~ Iota carrageenan 
_,;;....... Ropy culture Low methoxyl pectin 
Graph 1 
Effects of pH on syneresis using 
ropy and nonropy cultures 
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Effects of heat on syneresis using 
ropy and nonropy cultures 
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-r- Ropy before heat 
~ Nonropy after heat 
~ Nonropy before heat 
Graph 4 
Effects of culture level on syneresis 
using ropy and nonropy cultures 
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Effects of fat on syneresis using 
ropy and nonropy cultures 
Whey volume (milliliters) 
5 10 15 20 25 30 35 40 45 50 55 
Time (minutes) 
- Ropy - 0~ tat 
- Ropy - 3 .2 ._ tat 
Graph 5 
~ Nonropy - O'r. fat 
-&- Nonropy - 3 .2"' tat 
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CHEESE YIELD DATA (LARGE TRIAL) 
Unadjusted Yield 
Adjusted Yield 
( 45% H 20) 
Chart 1 
7.7 
8.3 
NUTRIENT RECOVERY (LARGE TRIAL) 
Protein 71.3 
Fat 88.1 
Chart 2 
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NON-ROPY 
7.7 
8.3 
NON-ROPY 
70.5 
88.3 
Project Title: Improvement of Mozzarella cheese yield and physical properties 
through proteinase modification of starter cultures 
Personnel: Gary H. Richardson, Professor, Nuaition and Food Sciences, Utah State 
University 
Craig J. Oberg, Research Associate, Nuaition and Food Sciences, Utah State 
University 
Lvnn V. Moves , Research Technician, Nuaition and Food Science, Utah State 
University 
Amos Wang. Graduate Assistant, Nuaition and Food Science, Utah State 
University 
Funding Sources: Western Darry Foods Research Center 
Utah Agricultural Experiment Station. 
Objectives: 
1. Find proteinase negative (Prr) thermolactic cultures that can be used to manufacture 
Mozzarella cheese and improve the physical properties of curd without causing adverse flavor 
reactions. 
2. Screen the available proteinase negative strains of S. cremoris for acid production and 
survival at the Mozzarella cooking temperatures. 
3. Isolate and test proteinase negative strains of S. rhermophi/us and L. bulgaricus for casein 
proteolysis and acid production. Trial production studies will follow using direct acid 
Mozzarella curd as the control. 
4. Obtain current physical testing procedures from Pizza Hut and other Mozzarella cheese 
buyers, select represeniative methods, and quantitate the changes caused by the proteinase 
systems involved. The physical properties of the cheese to be measured will include 
stretchability, cook color, and meltability. 
Results: 
1. A number of Prr strains of Streptococcus thermophilus and Lacrobacil/us bu/garicus were 
found and evaluated in Mozzarella cheese production. 
2 . Activity tests were run at 37, 42, 44, and 46°C on the following proteinase negative strains of 
Streptococcus cremoris; UC 320 Prt+, UC 320 Prr, UC 85 Prr, UC 45 Prr, and UC 310 Prr. 
Results showed noticeable activity up to 42°C for several strains. High temperature isolation of 
S. cremoris UC Prr strain was also done. Results showed only UC 85 Prr grew at all the 
temperatures tested, and that UC 310 Prr and UC 161 Prr grew well at 39°C but not at higher 
temperarures. Mozzarella cheese could be manufactured at a lower temperature (39°C) using 
these organisms. High temperature incubation of S. cremoris Prr cultures at 42°C was done to 
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select for cultures that could adapt to elevated temperarures. Only UC 85 Prr exhibited growth at 
this temperature and no new isolates were found. 
3. A large number of scrains of both thermolactic organisms were screened for proteolytic ability 
with the OPA rest. These culrures were also analyzed by amino acid analysis which was fo und 
tO provide a much more derailed profile of their proteolytic characteristics. A number of Pn-
strains of both S. rhermophilus and b. bul"aricus were characterized for both proteolysis and 
acid production. Mozzarella cheese was manufacrured using these cultures, their Pn+ parents, 
and the direct acid method. The physical properties of these cheeses were then compared over 
a 28 d period. 
4. The curd was evaluated using methods tO measure color changes and meltability during heat 
trearment. A Minolta reflectance color meter was used and the b values were used to measure 
the darkening that occurred with heat trearment. A rube method was used tO evaluate the 
meltability of the curd upon heating. Differences were found that proved to be scrain 
dependent. (Figure 1 and Figure 2) A low viscosity Brookfield viscometer was combined 
with a Helipath stand tO allow objective measurements of the rheology, specifically 
stretchability, of the curd at 60° (Figure I and Figure 2). 
Impact of Research: 
The second leading cheese produced in the U.S. is Mozzarella cheese. Proteinase negative staner 
culrures used in the production of Cheddar cheese, cottage cheese, and acid casein have been 
shown tO increase yield, along with providing a number of other advantages. If proteinase negative 
culrures could be used in the production of Mozzarella and other high remperarure Italian cheeses, 
an increase in yield may be possible. Additionally, if the effects of proteinase activity can be 
measured, there may be a possibility of improvement in the stretching, along with other physical 
properties. We need tO learn more about the effect proteinase activity of the thermolactic culrures 
have on the physical qualities of these cheese types. The major purchasers of pizza cheese are 
concerned that the physical qualities of Mozzarella curd begin to deteriorate at about ten days of 
age. The proteolytic activity of the staner clilrure is thought to be the cause of reduction of stretch. 
By incorporation of less proteolytic thermolactic staner culrures, we desire tO extend these superior 
qualities. The better and more consistent the physical propenies, the more sales for the product. 
Publications: 
1. Oberg, C.J ., A. Wang, LV. Moyes, and G.H. Richardson. 1989. Effect of proteolytic 
activity of thermolactic culrures on physical properties of Mozzarella cheese. J . Daley Sci. 
(Abstract accepted for Annual meeting) (Manuscript in preparation) 
2 . Weimer, B.C., C.J. Oberg, LV. Moyes, R.J. Brown, and G.H. Richardson. 1989. 
Comparison amino acid analysis and o-phthaldialdehyde methods tO characterize proteolysis by 
LactObacillus bulgaricus. J. Daley Sci. (submitted). 
3. Oberg, C,J, B.C. Weimer, LV. Moyes, R.J. Brown, and G.H. Richardson. 1989. 
Proteolytic characterization of Lactobacillus bulgaricus strains by amino acid analysis. J. Daley 
Sci. (In preparation). 
4. Oberg, C.J., L V. Moyes, and G.H. Richardson. 1989. Acid production of Streptococcus 
cremoris in curd made at elevated temperarures. J. Daley Sci. (In preparation) 
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Project Title: 
Personnel: 
Funding Sources: 
Objectives: 
Improvement of Mozzarella cheese yield and 
physical properties through proteinase 
modification of starter cultures 
Gary H Richardson, Professor, Dept. of Nutrition and 
Food Sciences, Utah State University. 
Craig J . Obera, Research Associate, Dept. of NFS, 
Utah State University. 
Lynn Y Moyes, Research Technician , Dept. of NFS, 
Utah State University 
Richard Merrill , Graduate Assistant, Dept. of NFS, 
Utah State University. 
Western Dair.y Foods Research Center 
1. Strain isolation work will continue to be a primary focus. Many isolates that 
appear to have reduced Prt activity have been isolated from parent strains 
of L. delbnuecki ssp. bulgaricus and S salivarjus ssp. thermophilus. These 
will be characterized for peptidase activity. Strains of L helyetjcus and Prt-
variants of Lactococcus 1.aJ::1i..s. ssp. cremorjs will also be evaluated for their 
potential use in Mozzarella manufacture. 
2. Cheese curd will continue to be made from the strains isolated above. In 
these trials the whey will be tested for protein losses from the curd. A 
number of rod :cocci culture pairs and ratios will be used to evaluate their 
effect on the physical properties of the cheese. Measurements of the 
physical properties of the curd will be used to establish differences among 
strains, culture pairs , and rod :cocci ratios. 
3. The present stretch test will be evaluated to see if it provides tne most 
accurate representation of stretchability. 
4. The ability of freezing and Prt- cultures to extend the life of the desired 
physical properties in Mozzarella cheese during storage will be examined. 
5. Direct acid curd and curd from Prt+ and Prt- cultures will be compared at 
high pH values to evaluate the degree of stretchabil ity and the stability of 
this property at refrigeration temperatures. 
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6. Direct acid cheese made with a variety of milk coagulating enzymes will be 
analyzed to determine the affect of these enzymes on the physical 
properties of Mozzarella cheese. 
Results: 
Experiments were run comparing the helical viscometer and the lnstron to 
measure stretch in Mozzarella cheese. The results were inconclusive. 
Six-liter vats of direct acid Mozzarella cheese were manufactured using either 
chymosin, bovine pepsin, porcine pepsin, or~ LDl.e.hi protease. Four 
cheeses were made with each enzyme. Stretch using a helical viscometer, melt 
using a tube test, color using a reflectance colorimeter, moisture, and pH 
measurements were taken at 1, 7, 14, and 28 d during storage at 4 C. Analysis 
of variance and correlations were run on all parameters. Cook color was not 
affected by enzyme type but changed during storage time. Melt increased 
significantly with time , but was not affected by choice of enzyme. Moisture 
content of the cheese was not significantly affected by enzyme or by time. As 
melt increased over time, stretch decreased. The type of milk coagulating 
enzyme used in the manufacture of direct acid Mozzarella cheese played no 
role in development of the physical properties. 
Presently, Mozzarella cheese is being manufactured using various ratios of 
rods to cocci and the cheese is being evaluated for stretch, cook color, and melt. 
This study will be completed in the next two weeks. Mozzarella cheese is also 
being made with 1. helveticus cultures and their affect on changes in physical is 
currently being measured. 
Impact of Research : 
The second leading cheese produced in the U.S. is Mozzarella cheese. 
Proteinase negative starter cultures used in the production of Cheddar cheese , 
cottage cheese, and acid casein have been shown to increase yield, along with 
providing a number of other advantages. If proteinase negative cultures could 
be used in the production of Mozzarella and other high temperature Italian 
cheeses, an increase in yield may be possible. Additionally, if the effects of 
proteinase activity can be measured, there may be a possibility of improvement 
in the stretching, along with other physical properties. We need to learn more 
about the effect proteinase activity of the thermo lactic cultures have on the 
physical qualities of these cheese types. 
The major purchasers of pizza cheese are concerned that the physical qualities 
of Mozzarella curd begin to deteriorate at about ten days of age. The proteolytic 
activity of the starter culture is thought to be the cause of reduction of stretch. 
Buyers require that the curd be grated, frozen, and stored to maintain tile young 
cheese qualities. By incorporation of less proteolytic thermolactic starter 
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cultures, we desire to extend these superior qualities. The better and more 
consistent the physical properties , the more sales for the product. 
Publications: 
Weimer, B.C. , C.J. Oberg, L.V. Moyes, R.J. Brown, and G.H. Richardson. 1989. 
Comparison of classical ion exchange amino acid analysis and 
ophthaldioldehyde to characterize proteolysis by Lactobacillus bulgaricus. 
J. Dairy Sci. 72:2872. 
Oberg, C.J ., B.C. Weimer, L.V. Moyes, R.J. Brown, and G.H. Richardson. 1990. 
proteolytic characterization of Lactobacillus delbrueckii spp. bulgaricus 
strains by amino acid analysis. J. Dairy Sci. (In press) . 
Oberg, C.J., A. Wang, L.V. Moyes, R.J . Brown, and G. H. Richardson . 1990. 
Effect of proteolytic activity of thermolactic cultures on physical properties of 
Mozzarella cheese. J. Dairy Sci. (In press) . 
Oberg, C.J., L.V. Moyes, and G.H. Richardson. 1990. Acid production of 
Lactococcus lactis ssp.~ in curd made at elevated temperatures. J. 
Dairy Sci. (submitted for publication) . 
Oberg, C.J., R. Merrill , L.V. Moyes, R.J . Brown, and G.H. Richardson . 1990. 
Effect of varied rod :cocci ratios of thermolactic cultures on physical 
properties of Mozzarella cheese. J. Dairy Sci . (in progress) . 
Merrill , R. , C.J. Oberg, L.V. Moyes, R.J . Brown , and G.H. Richardson . 1990. 
Effect of Lactobacillus helveticus cultures on physical properties of 
Mozzarella cheese. J. Dairy Sci. (in progress). 
Abstracts : 
Oberg, C.J., A. Wang, L.V. Moyes, and G. H. Richardson. 1989. Effect of 
proteolytic activity of thermolactic cultures on physical properties of 
Mozzarella cheese . J. Dairy Sci. 72 (Suppl. 1): (Abstr.). 
Merrill , R.K. , C.J . Oberg, R.J. Brown. and G.H. Richardson. 1990. Effect of milk 
coagulating enzymes on physical properties of Mozzarella cheese. J. Dairy 
Sci. 73 (Suppl. 1 ):115 (Abstr.). 
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Project Title: Improved Control of Cheese Manufacture Through Vat 
Monitoring. 
Personnel: G. H. Richardson, Professor, Nutrition and Food Sciences, Utah State 
University 
Donald J. McMahon, Professor, Nutrition and Food Sciences, Utah State 
University, 
Remy Grappin, INRA, France; 
Michael J. LeFevre, Research Assistant, Nutrition and Food Sciences, Utah 
State University. 
Funding Sources: Western Dairy Foods Research Center 
Utah Agricultural Experiment Station. 
Objectives: 
Snow Brand Milk Products Co. Ltd., Japan 
Stoelting, Inc., Kiel, Wisconsin 
Stoelting Co. Inc., WI 
Golden Cheese Co., Corona, CA 
Western General Dairies, Twin Falls, ID 
GHR Corp., Logan 
1. Evaluate the control of curd strength during conage cheese manufacture. Establish software 
that would be most helpful for the cheese industry. 
2. Use the same system to monitor the coagulation of milk for Cheddar cheese manufacture. 
Determine the limits of curd strength that would cause significant product loss or prevent 
sufficient moisture removal. These data would then be applied to expert systems . 
3. Determine abilities of chymosin, calcium salts, and lactic cultures in milk for Cheddar cheese 
to overcome the inability of milk from cows in late lactation to coagulate. 
4. Compare the performance of proteinase negative lactic cultures when monitored by the 
system. Determine if they can perform at constant high cooking temperatures and if they 
confirm the observations of linklater and Hall that culture volume is more important than 
temperature in pH control. 
Results: 
A hot wire coagulation probe was obtained from Snow Brand Milk Products Co., Ltd .. Auxiliary 
equipment including data acquisition material, power supplies, and pH and temperature sensors 
were also acquired. Control and measurement of the hot wire was adapted for use with IBM 
PC()IT/AT computer systems. Software was written to collect data during Cheddar cheese and 
cottage cheese manufacture. We have shown that the hot wire system will sense agitation and 
curd healing as well as coagulation of milk in the vat. Tests comparing the coagulation points of 
milk using a broad range of instrument types are in progress and will help to prepare correlation 
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values. Information obtained from these other instruments may also be incorporated into the 
software parameters. 
Impact of Research: 
The data generated from such an instrument can be useful to provide improved control to every 
cheese vat. A curd cut time, based coagulation, pH and temperarure could decrease losses and 
improve cheese yields and quality. The ability to measure the length of the heal time and the rates 
of change of pH and temperature would also benefit the cheese manufacmrer. Software programs 
could be included that would provide more management guidance. Significant savings to the 
industry could result when enzyme coagulant and other additive costs can be reduced by fine 
tuning the process through continuous monitoring of the milk in the cheese vat. 
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Project Title: 
Personnel : 
Funding Sources: 
Objectives: 
Improved Control of Cheese Manufacture 
Through Vat Monitoring. 
G. H. Richardson , Professor, Nutrition and Food 
Sciences, Utah State University; 
Don McMahon , Professor, Nutrition and Food 
Sciences, Utah State University ; 
Snow Brand Milk Products Co. Ltd., Japan ; 
Remy Grappin, INRA, France; 
Stoelting Co. Inc., WI ; 
Golden Cheese Co., Corona, CA; 
Western General Dairies, Twin Falls, ID; 
GHR Corp., Logan; 
Michael J LeFevre, Research Assistant , Nutrition 
and Food Sciences, Utah State University . 
Western Dairy Foods Research Center 
Utah Agricultural Experimental Station. 
1. Evaluate the control of curd strength during cottage cheese 
manufacture. Establish software that would be most helpful for th e 
cheese industry. 
2. Use the same system to monitor the coagulation of mi lk for Cheddar 
cheese manufacture. Determine acceptable limits of curd strength that 
would prevent the development of high moisture cheese due to late 
cutting or product losses due to early cutting of the curd. These data 
would then be applied to expert systems. 
3. Determine abilities of chymosin , calcium salts, and lactic cultures in milk 
for Cheddar cheese to overcome the inability of milk from cows in late 
lactation to coagulate . 
4. Compare the performance of proteinase negative lactic cultures when 
monitored by the system. Determine if they can perform at constant high 
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cooking temperatures and if they confirm the observations of Linklater 
and Hall that culture volume is more important than temperature in pH 
control. 
Impact oi' Research: 
The data generated form such an instrument can be useful to provide improved 
control to every cheese vat. A curd cut time, based coagulation, pH and 
temperature could decrease losses and improve cheese yield and quality. 
The ability to measure the length of heal time and the rates of change of pH and 
temperature would also benefit the cheese manufacturer. Software programs 
could be included that would provide more management guidance. Significant 
savings to the industry could result when enzyme coagulant and other additive 
costs can be reduced by fine tuning the process through continuous monitoring 
of the milk in the cheese vat. 
Results: 
A hot wire coagulation probe (Snow Brand, Ltd., Japan) was configured with ·pH 
and temperature sensors. Milk substrate coagulation was monitored with this 
system and four other methods (FormagraphTM, Sommer Matsen apparatus , 
Brookfie/dTM LVT viscometer, and an OmnispecTM). The coagulation time of the 
hot wire probe was measured at maxima of the first and second derivatives. 
Coagulation times were compared using three repetitions with three levels of 
chymosin. The ability of each instrument to detect coagulation time varied from 
first to last : hot wire probe (2nd der. max.), Omnispec, hot wire probe(1 st der. 
max.), Sommer Matsen, Formagraph and viscometer. The coagulation time 
measured by the Sommer Matsen method differed significantly from that 
measured by the hot wire probe (2nd der. max.), Omnispec and the viscometer 
P<.05. The hot wire probe system was also used to monitor cheese manufacture 
in 300 kg batches. Temperature, pH, coagulation, cutting , healing, and stirring 
could all be detected with the monitor system. 
Abstract: 
Monitoring cheese manufacture using a hot wire probe. M. J. LeFevre• and G. 
H. Richardson. Utah State University, Logan, UT. 
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Personnel : 
Funding: 
Objectives : 
Improved Control of Cheese Manufacture Through 
Vat Monitoring 
G. H. Richardson. Professor. Dept. of Nutrition and Food 
Sciences. Utah State University 
Don McMahan. Professor. Dept. of Nutrition and Food 
Sciences, Utah State University 
Michael J LeFevre , Research Assistant. Dept. of Nutrition 
and Food Sciences, Utah State University. 
Western Dairy Foods Research Center and Utah 
Agricult1..iral Experimental Station. 
1. Determine the ability of the hot-wire system to detect differences in 
coagulation time and curd strength. Compare these measurements with other 
coagulation instruments. These data would aid in preventing high moisture 
cheese due to late cutting or product losses due to early cutting of the curd . 
2. Determine abilities of chymosin, calcium salts . and lactic cultures in 
milk for Cheddar cheese to overcome th.e inability of milk from cows in late 
lactation to coagulate. 
3. Use the same system to monitor the coagulation of milk for cottage 
cheese manufacture. Establish software that would be most helpful for the 
cheese industry. 
Results : 
ADSA abstract 1991 
Use of hot-wire viscometric measurements to predict physical 
curd firmness of renneted milk as a function of milk 
composition . M.J.. LeFevre ', G.H. Richardson and D.J. McMahon , 
Utah State University, Logan 
Curd firmness was predicted by viscometric measurements using the hot-
wire method for renneted milk of various composition. A 2:x5 factorial design 
was set up using 2 levels each of protein , fat, Ca. pH and chymosin . The protein 
content of skim milk was adjusted by ultra-filtration to 3.25% and 2. 75% and the 
pH was adjusted to 6.54 and 6.28 using lactic acid. Fat and Ca were adjusted 
to a zero level (no addition) and to 3.25% and .01 % respectively by the addition 
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of cream and CaCI2. Rennet coagulation tests (.03 RU/ml and .01 5 RU/ml) were 
run simultaneously using the hot probe instrument. with pH and temperature 
sensors. and a Formagraph. The analysis of variance indicated that all 5 factors 
caused a significant (p<.OS) effect on the time required to reach th e K20 value 
(approximate cut-time for renneted milks) on the Formagraph . Signi ficant 
interactions included chymosin x pH , chymosin x protein . and fat x protein 
(p< .05) . Coagulation time . maximum first derivative value and selected area 
values of the first derivative curve of the hot probe data .were used along with 
milk composition variables to predict the Formagraph K20 value using step-wise 
regressions. Linear correlation coefficients (R2) ranging from .90 to .96 were 
obtained in predicting the time from chymosin addition to the K2Q point. 
Other tests have also been completed that demonstrate the effect of 
changing milk temperature on the hot-wire curve. Poor coagulating milk has 
been evaluated by the system and tests are presentl y underway using late 
lactation milk . 
Impact of Research : 
The data generated form such an instrument can be useful to provide 
improved control to every cheese vat. A curd cut time. based coagulation . pH 
and temperature could decrease losses and improve cheese yield and quality. 
The ability to measure the length of heal time and the rates of change of pH and 
temperature would also benefit the cheese manufacturer. Software programs 
could be included that would provide more management guidance. Significant 
savings to the industry could result when enzyme coagulant and other additive 
costs can be reduced by fine tuning the process through continuous monitoring 
of the milk in the cheese vat. 
Publications 
LeFevre . M.J. and Richardson . G.H. 1990. Monitor ing cheese 
manufacture using a hot wire probe. J . Dairy Sci . 73 (suppl. 1 ):74 
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JUSTIFICATION 
The ability of dairy farmers to produce milk has exceeded the market 
demand resulting in greater government purchases. By using milk components 
as raw materials in the manufacture of food ingredients and nonfood chemical 
stocks, the surplus milk problem could be reduced. 
Industrial by-products are receiving considerable attention since they 
represent marginal income from fixed-cost waste products, and they lower the 
BOD of factory effluent, if consumed. Utilization of excess cheese whey 
currently remains a problem with only 63% of the 37 billion kg of whey 
produced annually in the United States being marketed (Nolan, 1983). 
Successful utilization of whey as a fermentation medium for 
exopolysaccharides could expand that market. 
As the practice of ultrafiltration increases, profitable utilization of 
permeates from whey and milk will become more critical. Fermentation of 
permeate to produce useful polysaccharide material could represent a viable 
outlet for that by-product. 
PREVIOUS WORK AND PRESENT OUTLOOK 
A common feature of microorganisms is their ability to produce 
polysaccharides. Polysaccharides are located within the cell, as part of 
the cytoplasmic membrane, in the cell wall and outside the cell wall as 
exocellular polysaccharides. Several organisms such as Xanthomonas 
campestris and Leuconostoc mesenteroides can produce gums by using glucose, 
sucrose, or lactose and a suitable nitrogen source as nutrients (Stauffer 
and Leeder, 1978). Sheelhaass (1983) examined the exopolysaccharides 
produced by several lactic acid bacteria. Schwartz and Bodie (1984) 
reported production of viscous dextran-containing whey broths using 
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Leuconostoc mesenteroides. Several patents have been issued covering 
fermentation of whey broths using Leuconostoc mesenteroides and Xanthomonas 
campestris to produce a thickening polymer (Schwartz and Bodi, 1984A, 19848, 
1984C). The patents by these workers do not cover fermentations from lactic 
acid bacteria nor have they reported product application information except 
fot' 1 imited viscosity data. 
Sarkar et al. (1986) reported an osmophilic yeast (Moniliella pollinis) 
that can produce an extracellular, highly viscous polysaccharide in a simple 
mineral medium. The polysaccharide produced was white, gum-like and highly 
soluble in cold and hot water. 
Factors affecting exopolysaccharide production have been studied. 
Sutherland (1977) stated that the involvement of an isoprenoid carrier is 
one of the most important factors affecting exopolysaccharide synthesis. 
Frequently, exopolysaccharide production is greater at lower growth 
temperatures since less isoprenoid phosphate is required for cell wall 
synthesis. Scheelhaass (1983) suggested incubation at a low temperature 
(25 °C for Streptococcus cremoris), maintenance of a relatively high pH 
(6.2), growth when nutritive constituents are lacking, and less frequent 
transfer of cultures to maximize exopolysaccharide synthesis. 
Enzyme studies in connection with the capsule- and slime-forming 
capacity of lactic streptococci have been accomplished using 
p-fluorophenylalanine (Forsen and Veli-Mies, 1981). Forsen et al . (1g79) 
have also examined differences between slime-forming lactic streptococci 
using polyacrylamide gel electrophoresis of soluble cell proteins. 
While lactic acid bacteria polysaccharides contribute to the infrequent 
defect of ropy milk, they also function beneficially to stabilize and 
thicken the body of yogurt (Meiklejohn, 1977). A specific application of 
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pure exopolysaccharides as stabilizers in frozen yogurt has been examined 
(Scheelhaass, 1983). Although microbial exopolysaccharide production in 
whey-based media has been reported, with the exception of the limited work 
on yogurt, information on their functional characteristics in food products 
i s lacking. 
In the coagulation of milk, enzymes function by splitting the Phe-Met 
bond of k-casein. Exopolysaccharides produced by lactic acid bacteria in 
the starter culture may affect this reaction and also the rate of 
flocculation of paracasein micelles. Membrane-derived lipoteichoic acid has 
recently been found on the surface of slime-forming Streptococcus cremoris 
cells and it was suggested that this lipoteichoic acid may cause problems 
during detachment of capsular material by forming micelles with proteins and 
carbohydrates (Kontusaari et al . 1985) . 
Polysaccharides are used in many foods to impart certain functional 
characteristics. These include adhesion, binding, crystal inhibition, 
clarification, coating, emulsification, encapsulation, film formation, foam 
s tabilization, gelation, stabilization and thickening . Formation of 
polysaccharides from microbial activity in whey-based media has been 
demonstrated . For this alternative use of surplus whey to find practical 
application, information will be required comparing these polysaccharides 
t o those currently on the market . 
Although polysaccharide gums are used in a large variety of food 
products, the total quantities used for food purposes are small compared to 
the nonfood industrial applications. Paper and textile industries, 
representing a much larger market , use gums for coating and sizing agents. 
Other major industrial markets of polysaccharides include paint, pesticides, 
fertilizers, fe ed supplements, metal working, explosives and hydrolubes . 
Adhesives, ceramics, cleaners, detergents, fire retardants, ink, mining, 
photography, polymerization, deodorants, and lithography represent smaller 
industrial markets. 
Information from these studies both in food and nonfood applications 
could develop substantial new markets for milk and milk by-products. 
Prelimi nary investigations in this laboratory have involved aqui s i t ion 
of equipment, establishment of test and analytical procedures, and 
collection and isolation of polysaccharide-producing strains from various 
sources. Optimal media characteristics using whey and milk are being 
examined. 
OBJECTIVE 
The objectives of this project are: 
1. Examine the production of exopolysaccharides by lactic acid bacteria in 
whey based and milk based media using pH control. 
2. Examine the suitability of whey or whey permeate as a nutrient media for 
the osmophilic yeast, Moniliella pollinis, to produce extracellular 
polysaccharide. 
3. Examine energy and cost data to determine the economic feasibility. 
4. Examine functional properties of the polysaccharides in several food 
applications in comparison to gums in current use. 
5. Investigate the use of dairy-derived polysaccharides in paper, textile 
and other nonfood applications . 
6. Examine the protein quality of the bio-mass. 
PROCEDURES 
Strain Isolation 
Exopolysaccharide producing strains will be isolated from 
Streptococcus cremoris, Streptococcus thermopholis, Streptococcus lactic, 
and Lactobacillus bulgaricus cultures by inoculating into sterile 11% 
reconstituted non-fat dry milk (RNFOM) followed by plating on Elliker agar 
spread plates. Incubation will take place in an anaerobic chamber using 
disposable co2;H2 gas packs (BBL, Cockeysville, MD). Colonies will be 
examined with a sterile inoculation loop touched to the surface. Sticky 
colonies will be reinoculated into RNFDM. Ropy cultures will be plated a 
second time (Scheelhaass, 1983) . 
Fermentation Studies 
Media will be prepared from several concentrations of reconstituted 
sweet dairy whey, with and without added carbohydrate, yeast extract, and 
K2HP04. Following sterilization and inoculation, fermentation will take 
place in a Microferm Fermenter (New Brunswick Scientific). Temperature will 
vary from 25 to 35 C according to the type of culture innoculated. The pH 
will be maintained at 6.2 with NH3 injection. The anaerobic fermentation 
will use no gas sparging (Schwartz and Bodie, 1984). 
Using previously determined optimal parameters, batches will be freeze 
dried for further studies. Both crude and purified material will be 
examined. 
Yeast growth and polysaccharide production 
A preculture will be prepared by inoculating a media containing 10% 
dextrose, 1% yeast extract and 0.1% urea with the mycelium of Moniliella 
pollinis in laboratory shaken flasks at 27°C for 48 h. This preculture will 
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then be used to inoculate whey or whey permeate in laboratory shaken flasks 
and will be incubated at 27°C. The growth of the culture will be monitored 
by centrifuging the mycelium from the culture media at regular time 
intervals and estimating the dry weight of the well-washed cell mass . 
Chemical Composition 
Carbohydrate composition will be estimated on all fermentates · by the 
phenol sulfuric acid reaction (Dubois et al, 1956). Classes of carbohydrate 
will be estimated by the method of Dische (1962). Reducing carbohydrates 
will be examined by the Munson-Walker method (AOAC, 1980). Purified 
carbohydrate will be examined by hydroloysis and HPLC analysis (Richmond et 
al, 1981) . 
Quality of Cell Mass 
Harvested cell mass will be analyzed for protein content by the 
Kjeldahl method. Amino acid analysis using HPLC will be run on composite 
samples to determine protein quality . Nutritional quality of the biomass 
will be evaluated by feeding experiments. 
Evaluation 
Basic properties of the fermentates will be examined. Density 
measurement will be by mass weight. Viscosity will be measured using a 
Brookfield Viscometer (Brookfield Engineering Laboratories, Inc., Stoughton, 
Massachusetts) . Solubility will be measured according to the method of 
Ewart and Chapman (1952) and gel strength according to the IFT method (IFT 
1959) . 
Functional properties of the fermentates will be examined in model food 
systems in comparison to currently used polysaccharides. The food systems 
are listed in Table 1. Thickening, whipping, and stabilizing abilities will 
be emphasized. 
Table 1. Food Systems 
Function System Standard Test 
Binding agent Sausage Gelatin Instron, UTM 
Crysta 11 i zat ion inhibitor Ice cream Carrageenan Sensory evaluation 
Emulsifier Salad dressing Xanthan Visual examination 
Foam stabilizer Whipped topping CMC Funner-cyl inder 
Gelling agent Jam Pectin IFT method 
Stabilizer Chocolate milk Carrageenan Centrifugation 
Syneresis inhibitor Cheese Alginate Visual observation 
Thickening agent Pudding Starch Brookfield viscometer 
Whipping agent Whipped topping Carrageenan Initial volume 
Protective effects on whey proteins during heating will be examined 
using polyacrylamide gel electrophoresis. The spray-dried fermentate 
cultured with exopolysaccharide producing bacteria will be compared to an 
uncultured whey powder. 
Functional differences will be observed in a bakery product system. 
Evaluation will be performed using an Instron Universal testing machine. 
This project will provide an opportunity to examine the effects of 
polysaccharide material on rennet and acid coagulation. Effects on rennet 
activity will be observed by soluble N measurement. Coagulation 
characteristics will be examined with a CTM-1000 Curd Tension Monitor (CEM 
Corporation, Indian Trail, North Carolina). Some degree of association 
between proteins and carbohydrates is expected and this type of information 
may be useful in efforts to develop new dairy products. 
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FINANCIAL SUPPORT 
Year 1 Year 2 Total 
Salaries 
Past Doctor a 1 Associate (1/2 time) 11,000 11,770 22.770 
Lab helper 4,000 4,000 8,000 
Graduate Assistant 7,200 7,200 14,400 
Fringe Benefits 4,440 4,683 9,123 
Supplies 4,000 4,000 8,000 
Equipment 5,900 4,800 10,700 
Travel 1,250 1, 700 2,950 
Publication costs 300 300 600 
Total 38,090 38,453 76,543 
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Evaluation of Milk Protein and Microbial Polysaccharide Interaction 
PERSONNEL: 
R. Olsen 
C. Hansen 
G. Choudhury 
FUNDING SOURCES: 
Western Dairy Foods Research Center 
OB IECITVES: 
1) To determine effects of exopolysaccharide on renneted milk gel synecesis 
2) To determine effects of exopolysaccharide on cheese quality and nurrient recovery. 
RESULTS : 
1. Ropy strains of Lactococcus Lacris decreased the rate of whey syneresis in renneted milk gels. 
Various methods were investigated including drainage of cut curd in a cheese-cloth lined 
funnel, UV absorption of diluted whey, centrifugation and periodic drainage of coagulated 
curd. Most of the results reported were obtained using the periodic drainage method. 
Comparisons were made to commercially available polysaccharides commonly used in dairy 
products (see graph 1). Effects of pH, heat, culture level, total solids and fat were examined. 
Ropy cultures generally reduced syneresis. The effect was more pronounced at higher pH 
values (see graphs 2-5). 
2 . Lab scale rrials were performed in 4 I stainless steel containers with temperature controlled 
water baths. Fresh cultures were prepared from ropy and non-ropy strains of streptococcus 
thermophil us. 
Fourteen rrials were completed and the final cheese were analyzed for total solids, protein, fat 
and ash. Neither the unadjusted nor the adjusted yields were significantly different. The 
nurrienr recovery data also shows no significant difference. 
Although the adjusted yields and nurrient recoveries were not significantly different, it is possible 
that interactions were too su btle to be observed. One fact may have been the amount of 
polysaccharide present. The amount of starter culture used was based upon w mmon usage levels. 
Since polysaccharide yield in the culrure was approximately 5g polysaccharide/lOOOg culture, the 
amount of polysaccharide was diluted to 0.005% in the cheese-milk. 
ln order to increase the amount of polysaccharide added to the cheese-milk without increasing the 
amount of streptococcus thermophilus and to avoid the errors associated with small scale batches, a 
large pilot scale rrial was carried out. Ropy and non-ropy Lactococcus Lactis cultures were used to 
increase the amount of polysaccharide. High cooking temperatures controlled subsequent acid 
production from the more temperature sensitive .k Lactis culture. Yields, again, were not 
significantly different (see charts 1 and 2). The ropy vat did show improved protein recovery, but 
nor enough to cause a significant increase in yield. 
ECONOMIC EFFECTS: 
I . Potential method for moisture control in milk gels which have experienced various treatments 
affecting water holding capacity. 
2. Incorporation of polysaccharide material into the cheese curd may improve body and texture. 
At this point, it is not apparent that polysaccharide incorporation has been accomplished. 
Body and texture effects are being evaluated. 
Figure 1. Effects of polysaccharide 
materials on syneresis with ropy and 
nonropy cultures 
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Effects of heat on syneresis using 
ropy and nonropy cultures 
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CHEESE YIELD DATA (LARGE TRIAL) 
Unadjusted Yield 
Adjusted Yield 
( 45% H 2o) 
Chart 1 
ROPY 
7.7 
8.3 
NON-ROPY 
7.7 
8.3 
Project Title: Causes and Prevention of Sticky Texture in Mozzarella 
Cheese 
Personnel: Garv H Richardson, Dept. of Nutrition and Food Sciences, Utah 
State University. 
Rjchard K Merrill, Dept. of NFS, USU 
Funding: Western Dairy Foods Research Center 
Objectives: 
1. Survey local manufacturers of Mozzarella cheese to obtain data 
concerning prevalence and present measures used to deal with the 
problem. 
2. Obtain commercial samples of Mozzarella cheese that exhibit stickiness 
properties and analyze their physical and microbiological properties. 
Properties to be examined include moisture, fat content, protein content, 
pH , manufacturing profile, salt concentration , microbial count, culture 
type and strain used, and calcium content. 
3. Assess the affects of freezing temperature , storage time and temperature , 
shredding, and thaw time and temperature on stretch , melt and cook color 
of low moisture part skim Mozzarella cheese. 
Results: 
Data gathered to date supports the findings of Masi and Addeo (1986). They 
observed that cheese becomes softer and more difficult to shred with increasing 
FDB and moisture content. We have shown that freezing , storing , and 
shredding significantly affect the stretch and melt of Mozzarella cheese, but do 
not affect cook color. Also, storing, thawing, and shredding parameters have 
been established so as to obtain optimal stretch and melt in frozen Mozzarella 
cheese. Further data is being collected to see if manufacturing parameters, 
culture type, or the strain used may play a role in the development of sticky 
texture in Mozzarella cheese. 
Masi , P., and F. Addeo. 1986. Some practical problems and their solution in 
the manufacture of Mozzarella cheese. Proc. 5th Annu . Marshall lnvit. ltal. 
Cheese Sem., Madison , WI. 
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Impact of Research: 
Knowledge of manufacturing and storage practices that lead to poor product 
quality will allow Mozzarella cheese producers to manufacture better quality 
product. However, manufacturers must balance stretch and melt, because 
freezing and storing frozen affect stretch and melt oppositely. 
Publications: 
Oberg, C. J., Merrill , A. K., Brown, R. J., and Richardson , G. H. 1991 . Effects of 
freezi ng , thawing , and shredding on low moisture part skim Mozzarella cheese . 
(submit1ed to J.Dairy Sci.) . 
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Ultra-High Temperature Processing 
Controlling age gelation of UHT sterilized milk concentrates 
Annual Report Date: 30 June 91 Project Term: 1 Jul 90- 30 Jun 92 
Personnel 
Princioal Investigator: 
Graduate Student: 
Funding Sources: 
Objectives: 
Dr. D.J. McMahon 
Western Dairy Foods Research Center 
USDA Agricultural Research Service 
Age gelation of uitra-high temperature (UHT) milk concentrates has 
hindered the commercial use of milk concentration as a means of lowering 
transport costs. There has been some work conducted on developing stable 
UHT milk concentrates but at best, an empirical approach is taken to extend 
shelf life. Composition of milk, severity of heat treatment, sequence of 
operation, homogenization, use of additives such as polyphosphates and 
sucrose, total solids, and enzyme treatment have all been shown to affect age 
gelation (and hence shelf-life) of UHT milk concentrates. 
When milk is concentrated, its rheological and heat transfer characteristics 
are altered. Heat sterilization also affects these properties. To optimize the 
UHT processing of milk concentrates it is necessary to know how milk behaves 
throughout the UHT temperature profile. The effect of compositional changes 
and process parameters on age gelation will be studied in this project. By 
knowing how these parameters affect milk, it will then be possible to 
systematically develop a process for UHT sterilization of milk concentrates that 
can be successfully stored at ambient temperatures. 
The specific objective of this project is to solve the age gelation problem by: 
1. Determining effects of the process parameters of UHT heating 
on age gelation of milk concentrates. · 
2. Determining influence of compositional changes of milk 
concentrates on age gelation after UHT processing. 
3. Using the data collected above to determine optimum 
conditions for UHT processing of milk concentrates. 
Results: 
It was anticipated that this work would commence in 1990 but because of 
research commitments on our UHT equipment it was not possible to start 
another graduate student on this project. Now that some of the other UHT 
projects in our department are coming to conclusion there is now time available. 
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Impact of Research: 
The overwhelming success of dairy production in the United States has 
created a situation that calls for more attention to milk utilization and marketing. 
Development of new dairy products has taken precedence over production of 
more milk. At the same time , we are becoming increasingly aware that a global 
approach must be taken in the marketing of our dairy products. Two marketing 
strategies that are of importance are EXPORT and MILITARY. In both cases, 
transportation costs are of very high. By reducing the bulk of a product, such as 
by concentrating milk, transportation costs can be reduced and furthermore , for 
many military applications it would also alleviate space storage limitations of 
supplying "fresh" milk to military personnel. 
International markets for U.S. dairy products could be developed if attention 
could be directed to manufacture of stable products from our surplus dairy 
production. The competitive position of the U.S. would be enhanced by new 
and better quality products and our surpluses of dairy commodities would be 
reduced. Production of dairy products other than powdered milk, butter and 
cheese with long shelf lives should be a major priority. 
Specifically, for this project, a way of producing rehydratable milk 
concentrates that can be stored at ambient temperatures is to be developed. 
This is needed to make U.S. dairy products more widely available on the world 
market. The major limitation to production of such a product is the irreversible 
gelation of UHT sterile milk concentrates that occurs after exposure to higher-
than-refrigerator temperatures over a long period of time. The gelling 
phenomena must be understood and means devised to prevent gel formation 
before rehydratable milk concentrates made from surplus U.S. milk can be sold 
abroad. 
An additional benefit of this project is that it would provide information on 
extended shelf life of dairy products. This would be useful to dairy processors 
who are looking at entering the expanding food service business, and in which 
extended shelf life is of importance. 
Publications and Completed Theses: 
None 
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Project Ti.tle: 
Personnel: 
Funding Sources: 
Objectives: 
Function of whey proteins and lactose in age 
gelation of ultra-high temperature sterilized 
. milk concentrate 
Donald J McMahon, Principal Investigator, Dept. of 
Nutrition and Food Sciences, Utah State University. 
Mrudula Kalpalathika, Research Associate, Dept. of 
NFS, USU. 
Yenkatachalam Narayanaswamy. Graduate 
Student, Dept. of NFS, USU. 
Bashir Yousif, Graduate Student, Dept. of NFS, 
usu. 
Keyjn Sorensen , Laboratory Technician, Dept. of 
NFS, USU. 
Western Dairy Foods Research Center 
USDA Agricultural Research Service 
Utah Agricultural Experiment Station 
The mechanism by which age gelation in UHT sterilized milk concentrates 
occurs is still unknown. There have been many factors implicated and at best 
an empirical approach is taken to extend shelf life of sterilized milk products. 
UHT sterilization promotes association between k-casein and ~-lactoglobulin . 
In milk concentrates the concentration of whey proteins and lactose are 
increased. Their role in the age gelation process will be studied in this project. 
The specific objectives of this project are to : 
1. Determine the fate of ~-lactoglobulin during storage of UHT 
sterilized milk concentrates. 
2. Determine the influence of lactose concentration of milk 
concentrates on age gelation. 
3. Monitor changes in casein micelle structure during storage of UHT 
sterilized milk concentrates. 
Results: 
Objective 1 · !}-lactoglobulin 
The use of 14C-Iabelled ~-lactog lobulin in UHT milk experiments has required 
that a laboratory scale UHT system be developed so that contaminated equipment 
can be properly handled. Our commercial pilot-scale Alta-Laval UHT system 
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cannot be used for this work as its contamination would render it unusable for 
other work. The laboratory UHT processor (built using 9 mm SS tubing) was 
designed to duplicate the Alta-Laval system with pre-heat treatment to 72°C over 
60 s followed by indirect heating to 140°C over 90s. The milk is held at UHT 
temperatures for 4 sand then cooled to less than 30°C. No homogenization is 
required as skim milk is used in these trials. 
Preliminary trials have been conducted to determine that an equivalent 
amount of protein denaturation occurs in the two systems. After heat treatment 
the samples are filled into sterile containers in a cabinet with a positive flow of 
filtered air to prevent bacterial contamination. 
Objectjve 2· Lactose 
Aqjustment of Lactose Levels in Milk 
Preliminary trials have been conducted to determine the best procedure for 
removing lactose from milk followed by addition of lactose and sucrose at 
specified levels. Ultrafiltration followed by repeated diafiltration was used to 
remove most of the lactose from milk. The efficacy of diafiltration was determined 
by ultrafiltering 50 gallons of skim milk in our 5 m2 spiral UF membrane system 
using the following treatment scheme. All milk concentrations are expressed on 
a volume reduction basis . .-----------..., 
Skim milk (1X) 
0 
UF Concentration to 5X 
0 
Dilute to 1 X with Water 
0 
UF Concentration to SX 
0 
Dilute to 1 X with Water 
0 
UF Concentration to SX 
0 
Dilute to 1 X with Water 
0 
UF Concentration to 3X 
After this treatment the lactose levels were measured using an enzymatic 
method and by using the three diafiltration treatments we reduced lactose 
content from 5.1% in the original skim milk to 0.032% in the final 3X skim 
milk concentrate. 
Our original plan was to add lactose at levels of 2.5 g, 5.0 g and 7.5 g per 100 
ml skim milk concentrate. This was done and total solids and protein content 
were measured using microwave oven and Kjeldahl methods respectively as 
shown in the following table : 
I ll 
Sample type Protein(%) Total solids(%) 
Skim milk (1X) 3.27 9.48 
3X DF SM 9.67 13.4 
3X DF SM(+2.5%) 9.23 15.5 
3X DF SM(+5.0%) 9.19 17.4 
3X DF SM(+7.5%) 8.91 19.6 
It was found however, that when the sample with 7.5% added lactose 
was refrigerated, some of the lactose crystallized even though this does not 
occur in milk concentrates made using reverse osmosis that have lactose levels 
of 10% or more. This crystallization of lactose was presumably due to lactose 
powder being primarily a-lactose (which is less soluble than ~lactose) while 
the naturally occurring ratio in milk is of the order of 60% b : 40% a-lactose. 
With the need to refrigerate the milk concentrate there is insufficient time to 
allow mutarotation of a-lactose to ~lactose before crystallization occurs. For 
subsequent trials the levels of lactose added were set at 3 and 6%. 
In the planned experimental trials, a simulated milk ultrafiltrate salt 
solution (Jenness-Koops buffer) will be used as the diafiltrate liquor rather than 
water so that the salt balance of milk can be maintained. It was observed 
however that when this salt solution was heated to 50°C (the ultrafiltration 
temperature) there is an irreversible precipitation of calcium (magnesium) 
phosphate. This occurs because the calcium phosphate becomes less soluble 
as temperature is increased and although this also happens in milk there is a 
natural protective affect provided by the casein micelles. 
This problem was overcome by reducing the calcium content of the buffer 
by 30% and adding it cold to the concentrated milk. The diluted milk could then 
be re-heated to 50°C without precipitation occurring. 
Measurement of Lactose-Protein Interactions 
In order to follow the extent of lactose-protein interactions that occur 
because of Maillard browning reactions it is necessary to have a method to 
measure the available lysine present on the proteins of UHT milk. 
A common method to measure available lysine is to react 2,4 dinitrofluoro-
benzene (DNFB) with free e-amino groups of lysine followed by acid hydrolysis to 
convert the proteins to individual amino acids and their dinitrophenyl (DNP) 
derivatives. The resultant hydrolysate is then treated and ether extracted to 
remove interferences from DNP-arginine and DNP-derivatives of the N-terminal 
amino acids of the milk proteins. Because DNP-Iysine is yellow, the available 
lysine can then determined by measuring absorbance at 435 nm. This was found 
not to be a suitable method as some component of the milk concentrate (possibly 
calcium or phosphate salts) interfered with the color development. 
We then attempted to determine DNP-Iysine using an amino acid analyzer. 
This also was unsuccessful as DNP-Iysine eluted from the ion exchange column 
at the same retention time as glycine. 
Finally , a reversed-phase HPLC procedure using a C-18, 250 x 4.6 mm 
column was tried and proved successful. The eluant was a mixture of 80% 0.01 
M acetate buffer and 20% Acetonitrile and the eluted derivatives were 
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monitored by measuring absorbance at 436 nm. Retention time of DNP-Iysine 
was well separated by several minutes from dinitrophenol which is one of the 
main interfering compounds in the extraction method. In this case the 
derivatives are being separated by their different affinities to the HPLC column 
rather than by solvent extraction. It has also been reported that a complete 
separation of DNP-Iysine from DNP-arginine occurs. The amount of available 
lysine can then be determined from a standard curve prepared by using 
different amounts of DNP-Iysine and subjected to the same HPLC conditions. 
Objective 3: Casein Micelle Structure 
The microstructure of UHT milk concentrates was investigated using 
electron microscopy in conjunction with Dr. Miloslav Kalab, Food Research 
Centre, Agriculture Canada, Ottawa, Ontario, Canada. It was observed that 
when 3X skim milk concentrate is heated to 140°C for 4 s, about 60% of the 
whey proteins are denatured and the casein micelles undergo a large increase 
in size. This size increase is due to complexing of k-casein with denatured 
b-lactoglobulin followed by further aggregation of denatured ~-lactoglobulin 
onto the micelle surface. 
When such UHT samples are stored and eventually age gel, it was 
observed that many of the micelles were connected by thin threads of 
material. The microstructure of such gels was completely different to rennet 
milk gels. When rennet is added to non-UHT milk the casein micelles collide 
and form a gel structure in which the micelles are in close contact. However, if 
UHT milk concentrates (such as 3X UF concentrates) are renneted the gels 
have less integrity and there is not the same level of intimate contact between 
micelles. It appears that the layers of ~-lactoglobulin on the micelle surface 
interfere with aggregation. At this stage of our work, however, we are unable 
to define the composition of the filamentous material between micelles in age-
gelled UHT milk. 
Impact of Research: 
The overwhelming success of dairy production in the United States has 
created a situation that calls for more attention to milk utilization and marketing. 
Development of new dairy products has now taken precedence over production 
of more milk. 
International markets for U.S. dairy products could be developed if 
attention was directed to manufacture of stable products from our surplus dairy 
production. The competitive position of the U.S. would be enhanced by new 
and better quality products and our surpluses of dairy commodities would be 
reduced. Production of dairy products other than powdered milk, butter and 
cheese with long shelf lives should be a major priority. Specifically, for this 
project, a way of producing a rehydratable milk concentrate which will not gel 
before reaching the intended consumers is to be developed. This would make 
US dairy products more widely available on the world market. 
The major limitation to production of such a product is irreversible 
ge lation after storage at higher-than-refrigerator temperatures over a long 
period of time. The gelling phenomena must be understood and means 
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Product Quality 
Effect of milk-clotting enzymes and starter bacteria 
on the yield of laboratory scale Cheddar cheese 
N. A. Yiadom-Farkye and C. A. Ernstrom 
Utah State University 
Logan, UT 84322-8700 
and 
C. L. Hicks 
University of Kentucky 
Lexington, KY 40546 
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ABSTRACT 
The effect of six milk clotting enzymes and three different 
strains of Streptococcus cremoris on the yield of Cheddar .cheese were 
determined . Two lots of milk with identical protein but different fat 
contents were used for cheese making with the different enzymes . For 
each enzyme, three vats of cheese were made from the same milk. Four 
vats of cheese were made from the same lot of milk for each strain of 
S. cremoris. Neither milk clotting enzymes nor strain of S. cremoris 
were different in their effect on the yield of cheese. Milk 
composition had a significant effect on the yield of cheese. 
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INTRODUCTION 
Clotting of milk is a very important step in cheese making. 
.Apart from the primary action of milk clotting enzymes on .K-casein, 
partial proteolysis of casein by these enzymes (10) or starter 
organisms results in casein losses and subsequent low cheese yields. 
The effects of various commercial milk clotting enzymes on cheese 
yield have been compared individually to chymosin (6), the most 
traditional enzyme used in cheese making. A collective comparison of 
the effect of more than two enzymes using the same milk and identical 
manufacturing condition is not available . Such a comparison is 
difficult because yield studies are often done on pilot or industrial 
scales and yiel ds are not quantitated accurately. Laboratory scale 
cheese making is also difficult because of equipment design and 
potential problems in controlling cutting, cooking and agitation. 
Hicks et al (5) described equipment for laboratory scale cheese 
manufacture. This offers a potential for comparing several 
milk-clotting enzymes and cultures and their effects on cheese. 
The purpose of this study was to compare the effects of chymosin, 
bovine pepsin, porcine pepsin, proteases from Mucor miehei, Mucor 
pusillus and Endothia parasitica on cheese yields. The effects of 
Streptococcus cremoris strains MLI, HP and 30/70 on cheese yields were 
also compared. 
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MATERIALS AND METHODS 
Milk 
Raw milk was obtained from the University of Kentucky dairy farm 
and irrmediately pasteurized (63°C/30 min). 
Enzymes 
Ion-exchange purified calf chymosin was obtained from the New 
Zealand Rennet Cooperative . Lyophilized porcine pepsin wa s from Sigma 
Chemical Co. Bovine pepsin was obtained by purification of bovine 
rennet (corrmerically called 'bovin'). Bovin was donated by Chr. 
Hansen's Laboratory , Inc. The bovine rennet was adjusted to pH 5.0 
with 1 M HCL and saturated with ammonium sulfate to precipitate 
chymosin. The supernatant wa s removed after centri f uging (20,000 xg 
for 45 min) and dial yzed against .0001 M acetate buffer (pH 4. 5) . The 
dialysate which appeared as a si ngle band on polyacryl ami de gel 
electrophoresis (PAGE) was lyophilized before ose. Microbi al 
proteases from Mucor miehei and Mucor pusillus were donated by Miles 
Laboratories Inc. The protease produced by Endothia parasitica wa s 
obtained from Pfizer Inc . 
Milk clotting activities of all the enzymes (expressed as 
clotting units per milliliter [CU/ml] ) were tested against sta ndard 
rennet (Chr . Hansen' s Laboratory, Inc.) on the raw milk by the me thod 
described by Ernstrom (4). 
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Cultures 
Cultures of Streptococcus cremoris strain MLI, HP and 30/70 were 
used. The MLI and HP cultures were donated by Chr. Hansen's 
Laboratories, Inc. The two strain commercial culture (30/70) was 
obtained from Miles Laboratories Inc. Each culture was propagated in 
10% sterile nonfat dry milk (NDM) with external pH control (9). 
Activities of the cultures were tested in the milk before use. 
Cheese Making with Enzymes 
Cheddar cheese was manufactured by the traditional 4.25 h 
(setting to milling pH of 5.4) method (7) with the laboratory 
equipment described by Hicks et al. (5). Seven kilograms (7.0 kg) 
pasteurized milk was used in each vat. Identical amounts of annatto 
cheese color (1 ml) and . 7% starter culture (~. cremoris 30/70) were 
added to each vat. No ripening time was allowed prior to enzyme 
addition. The enzymes were added at levels necessary to obtain 
identical cut time of 30 min. Eight-tenths milliliter (.8 ml) 
chymosin (135 CU/ml), 1.25 g bovine pepsin (90 CU/g), .03 g porcine 
pepsin (3365 CU/g), .9 ml Mucor miehei protease (115 CU/ml), .8 ml 
Mucor pusillus protease (135 CU/ml), and .6 ml Endothia parasitica 
protease (180 CU/ml) was used. Each enzyme was diluted in 25 ml 
. 0001 M HCl before use. A uniform setting temperature of 30°C was 
used in all vats. Curd was cut 30 min after addition of enzyme and 
the cut curd was allowed to heal for 15 min. The curd was cooked to 
39°C within 30 min and held for 1 h. Dipping was accomplished by 
pourin g curd and whey through a weighed cheese cloth which was used 
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· during subsequent drainage of whey during cheddaring and for li ning of 
cheese hoops. Curd was milled in place at pH 5.4, salted (2. 75 g 
salt/kg milk} and hooped. The curd was pressed overnight .at 170 kPa 
in a horizontal hydraulic press. Three vats of cheese were made p~r 
enzymes from each lot of milk. The experiment was repeated for a 
second lot of milk . 
Cheese Making with Cultures 
Four vat lots of Cheddar cheese were made per strain of~­
cremor is (MLI, HP or 30/70) from t he same lot of mil k. The cultures 
were used at levels necessary to produce identical activity s uch that 
t he pH at mill (4. 25 h after addition of culture to m1lk} wa s 5.4. 
Porcine pepsin ( .03g} wa s used as the clotting enzyme i n each vat. 
The rest of the cheese making process was followed as previously 
described. 
Sampling 
Milk samples were taken after pasteuri zat i on, directly from the 
bulk tank. ~hey samples were drawn from 2. 54 em below the swrface of 
the whey in the vat with a pipette before draining. Chee se s.amples 
were taken from the corners and cente r of cheese blocks immediately 
after pressing (8} . 
Compos it i ona 1 Analysis 
Fat in milk and whey samp les were determined by the Moj onnier 
modific ation of the Rosse-Gott lieb method (1} . Cheese fat was by the 
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Babcock procedure (1). Total nitrogren in milk, whey and cheese 
samples were by the Kjeldahl method (2). A nitrogen conversion factor 
of 6.38 was used in converting nitrogen to protein . Cheese moisture 
was determined by measuring weight loss after drying 2-3 g cheese in 
a forced - air oven at 110°C for 16 h (8). 
Statistical Analysis 
For cheese made with the different enzymes, a two factor (enzyme 
and milk) analysis of variance (3} was done for each variable. A 
one-way completely randomized analysis of variance {3} was used to 
show the effects of strain of starter culture on yield . 
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RESULTS 
Composition of Cheese and Whey 
Percent fat, protein and moisture in the cheese made from the 
same lot of milk but with different enzymes were not significantl'y 
different {Table 1). The percent fat and protein in the cheese were 
significantly (p .001) affected by the fat and protein content of the 
milk from which cheese was made. The moisture content of the cheese 
variedbetween vats and was affected by milk composition. For each 
enzyme, mean percent fat in the dry matter (FDM) in the cheese was 
greater in cheese made from high fat (3.91%) milk than in cheese made 
from low fat (3.54%) milk; protein content in the two lots of milk 
were similar {3.1%). The mean percent moisture in the nonfat 
substance (MNFS) was neither affected by milk composition nor by the 
milk clotting enzyme used during cheese making. Table 1 shows also 
the concentration of fat and protein in the whey. Milk composition 
and milk clotting enzyme used in cheese manufacture did not affect 
losses of fat and protein in the whey. 
Cheese made with the different st rains of S. cremoris were not 
significantly different in mean fat, protein, moisture, FDM, and MNFS 
(Table 2). Mean percent fat and protein in the whey was not affected 
by the strain of sta rter bacteria used in cheese ma king (Table 2) . 
Cheese Yield 
Wet weight and d_ry matter yields of cheese made with the 
different strains of~· cremoris are shown in Table 2. Similar 
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results for cheese made with the different milk clotting enzymes are 
shown in Table 3. Neither milk composition, milk clotting enzyme nor 
strain of starter bacteria affected the wet weight yield of cheese. 
Wet weight yields of cheese were between 10.42% and 10.71% for cheese 
made from the two lots of milk clotted with the different milk 
clotting enzymes. Wet weight cheese yields are 11.05% for strain ML1, 
10.84 for strain HP, and 10.77 for strain 30/70. The coefficient of 
variation of wet weight yields between replications ranged from 1.7 to 
3.1% for cheese made with different milk-clotting enzymes or different 
strains of starter bacteria. Due to variations in moisture content of 
cheese, it was necessary to compute dry matter yields for adequate 
yield comparisons. Dry matter yields were between 6.52 and 6.71% with 
coefficient of variations between .1 and 2.6% for cheese made with the 
different milk-clotting enzymes. Mean dry matter yields for cheese 
made with different strains of S. cremoris were 6.62, 6.64 and 6.67% 
for strains 30/70, HP and ML1 respectively. Neither milk clotti ng 
enzyme (Table 4) nor strain of starter bacteria (Table 5) used in 
cheese making affected dry matter yield s significantly. However, 
there was a significant difference between dry matte r yields of cheese 
made from different l ots of milk (Table 4). At consta nt protein 
level, dry matter yields were higher with highe r fat content of the 
milk. 
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DISCUSSION 
Dry matter yields and cheese yields adjusted to a constant 
moisture content, under controlled manufacturing conditions, were 
significantly affected · by the concentration of fat and protein in the 
milk. The milk-clotting enzymes did not differ significantly in their 
effect on cheese yield. Similarly, significant differences in yield 
were not observed when different strains of ~- cremoris were used for 
cheese manufacture. Careful standardization of the activities of milk 
clotting enzymes was necessary as an initial step to prevent yield 
losses. The proteolytic activities of the milk-clotting enzymes used 
in this study, as judged by the percent nitrogen in the whey were 
essent i a 11 y the same. 
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Table 1. Composition of const i tuents in whey and cheese made with different milk -clotting enzymes. 
Cheese Whey 
l nzyme Milk* Prote1n Fat-- r.ro-EfUre--rrw--MNFS 
(%) (%) (%) (%) (%) Protein at (%) {%) 
Mean ± standard error of mean 
Chymosin 1 23.24±.26 34.8±.5 36.33±.68 54.7 55.7 .913±.009 .4521.021 .'' 
21.43±.13 31.6±.1 37.98±.65 51.0 55.5 .918 ±.006 .3711.025 
Bovine Pepsin 1 23.10±.33 34.8±.4 36.41±.54 54. 7 55.8 .907±.004 .529±.034 
21.98±.28 32. 1± .1 37.94±.77 51.7 55.9 .924±.005 .466± .028 
Porcine Pepsin 1 22.85±.42 35.1±.3 37.39±.81 56.4 57.6 .904±.004 .450±.043 
2 21.42±.15 31.2±.1 38.62±.74 50.8 56.1 .925±.003 .430±.026 
Mucor miehei 1 23.55±.25 35.4±.3 36.03±.85 55.3 55.8 ,904±,006 .387±.014 
----protease-
2 21.67±.17 31.5± . 1 38.14±.41 50.9 55.7 .927±.004 ,428±.020 
Mucor pus ill us 1 23.28±.24 35.5±,3 36.60± , 36 56.0 56.7 ,938±.010 .437±.031 
protease 
21.86±. 30 31.8± . 2 37.49± . 45 50.9 55 .0 . 927±. 006 .485±.014 
Endothia parasitica 1 23.08±.26 34.8±.4 35 .89±.58 54 .3 55.0 .934±.001 .408±. 031 
protease 
22 .09±.21 31.3 ±. 3 38.06±.69 50 .5 55,4 . 946± .010 .357±.028 
*Milk 1 contained 3. 91% fat and 3.13% protein FOM = Fat in the dry matter 
Milk 2 contained 3.54% fat and 3.12% protein MNFS = Moisture in nonfat substance 
alach mean represents duplicate determinations from 3 trials 
Table 2. Concent ration of constituent s in whey and cheese and the yie ld of cheese made with three strains of~ cremoris. 
Whe~ Cheese 
Stra in of ·Wet We1ght Dry Matter 
~ cremoris Protein Fat Protein. Fat Moisture FOM MNFS Yie ld Yie l d (%) (%) (%) (%) (%) (%) (%) (g) (g) 
Mll X .927 .395 22 .II 32.2 39.60 55.0 59 . 3 773.4 46 7.1 
S. E .M. .008 .017 .1 2 . 4 .52 . 3 . 5 
cv 1.7 .6 
HP X .922 .469 22.58 33.7 38.70 55.0 58.4 759.0 464 .8 
S.E.M. .013 . 042 . II . 5 . 49 . 9 .4 
cv 2 . I .6 
30/70 X .896 .312 22.59 33.9 38.5 1 55 .I 58 .2 754. 2 463.5 
S.E.M. . 004 .037 .1 8 . 5 .77 . 5 .8 
cv 1.9 . 7 
X = mean S.E. M. = standard error of mean cv = coeffic ient of vari ati on 
ta ch mean represents dupli cate determinations on 4 tr i a 1 s . Mean of cheese yie l ds are fr om 4 trials. 
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Table 3. Wet and Dry Matter Yield of Cheese from 7000 .0g milk. 
Mean 
cvb 
Mean 
cvb Enzyme Milka Wet Weitt Yield Dry Matter Yield 
g) (g) 
736.1 2.7 468.4 .6 
Chymosin 
74g.2 1.8 464.4 1.1 
738.7 1.7 469.6 2.2 
Bov ine Pepsin 
73g.o 2.6 458.4 . 7 
738.2 2.2 461.8 1.0 
Pore i ne Pepsin 
748.7 3.1 459.1 .1 
738.4 2.7 471.8 1.8 
Mucor miehei 
protease-
741.0 1.7 458.3 1.1 
732.6 2.4 468 . 8 2.6 
Mucor pus i 11 us 
protease 
2 729.8 2.1 456.1 .4 
729.6 1.8 467.7 .8 
Endothia parasi tica 
protease 
2 749.8 3. 0 464.1 1.1 
aMilk1 contained 3.91% fat and 3.13% protein. 
bMilk 2 contained 3.52% fat and 3.12% protein. 
CV ; coefficient of variation. 
Mean of cheese yields are from 3 trials. 
H 
Table 4. Analysis of variance tables for wet weight, adjusted and dry matter 
yields of cheese. 
Sum of Mean 
Source of variation df squares Square F-ra ti 
Wet Weight Yield 
Enzyme 568 114 . 22 
Milk 487 487 . 95 
Enzyme x Milk 567 113 . 22 
Error 24 12316 513 
Total 35 !393 7 
Adjusted Yield ( 37% moisture) 
Enzyme 1107 221 . 43 
Milk 6414 6414 12. 43' 
Enzyme x Milk 687 137 . 27 
Error 24 12382 516 
Total 35 2059 1 
Dr~ Matter Yield 
Enzyme 150.3 30 . 1 . 5 
Milk 571. 4 571.4 9.9 
Enzyme X Milk 190.7 38.1 .6 
Error 24 1387.2 57.8 
Total 35 2299 . 6 
* s ignificant at < .005 
s ignificant at < .005 
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Table 5. Analysis of variance tables on wet weight and dry matter yields of cheese 
made with 3 strains of~· cremoris. 
Source of variation 
Wet Weight Yield 
Culture (ML1, HP, 30/70) 
Error 
Total 
Dry Matter Yield 
Culture (ML1, HP, 30/70) 
Error 
Total 
df 
2 
9 
11 
2 
9 
11 
Sum of 
squares 
800 
2592 
3392 
25 . 0 
100 . 6 
125 . 5 
Mean 
Square 
400 
288 
12 . 5 
11. 2 
F-ratio 
1.39 
1.12 
Role of milk-clotting enzymes on curing of 
Cheddar Cheese - A progress report 
N.A. Yiadom-Farkye and C.A. Ernstrom 
A series of experiments to determine the role of milk clotting enzymes 
and proteases from starter bacteria on curing of ·Cheddar cheese was 
started in February 1987. To date, all the cheese has been manufactured 
and analyses are in progress. A brief description of the experimental 
design, procedures and some of the results are included. 
MATERIALS AND METHODS 
Enzymes 
Fi ve milk clotting enzymes were tested. The test enzymes were 
chymosin (CHY), bovine pepsin (BP) porcine pepsin, (PP), Mucor miehei 
prot ease (MM) and Mucor pusil l us protease (MP ) . 
Cultures 
The cultures t ested were S. cremoris strain MLI, HP and a mi xed 
4-strain commercial culture. The abilities of the different cultures to 
produce bitterness in milk was tested by propagating the cultures in 
pa steurized whole milk at 4°C for up to 7 days. Bitterness was detected 
in the lot containing strain HP but not in lots containing MLI or the 4 
strain commercial culture. 
Experimental Design 
Experiments were designed us ing a combination of 
enzymes, starter bacteria and setting pH as follows. 
dete rminati ons were done for each se ries. 
milk clotting 
Tripl icate 
Serie s 
2 
2 
2 
3 
3 
3 
4 
4 
4 
5 
5 
5 
Grad in g 
Enzyme 
BP 
BP 
pp 
MM 
MP 
pp 
pp 
pp 
PP 
CHY 
CHY 
pp 
l PP 
2PP 
3PP 
pH of 
milk at set t i ng 
6. 6 
6.2 
6.6 
6.6 
6.6 
6. 6 
6.6 
6. 6 
6.6 
6.6 
6. 6 
6.6 
6. 2 
6.2 
6. 2 
St ar te r 
commercial 4 strain 
commercia l 4 stra in 
comme r cia 1 4 strai n 
commerc ia 1 4 stra i n 
comme rcia 1 4 st ra in 
commerci al 4 strain 
HP 
Mll 
comme rcia l 4 st ra in 
HP 
Mll 
commercia l 4 s trai n 
comme rcia l 4 stra in 
commerci a 1 4 s train 
comme rc ia l 4 st rain 
All t he c h~ e s e have been graded at l month of age by a trained 
panel of 6 judges . Grading wi ll be cont i nued at 3, 5, 7 and 9 months of 
ripeni ng. Judges were selected based on t hei r abi lit i es to detec t low 
levels (.0008 g) of quinine sulphate in milk. Gradin g is f or 
ap pearance , f l avo r, body and t extu re , overa l l , cheese f l avo r i nt ens i ty 
and curdiness. A l inea r scal e of l (unsaleable) to 7 (s uperi or ) is 
be i ng used . 
Proteolysis 
Primary proteolysis in cheese is being followed at 1, 3, 5, 7, and 
9 months of ripening by disc polyacrylamide gel electrophoresis (PiAGE). 
Secondary proteolysis also is being follo~1ed by measuring the 
percent of total nitrogen soluble in water. 
RESULTS AND DISCUSSION 
Because of the preliminary nature of the experiments, concret.e 
conc l usions cannot be drawn. However, there seems to be a trend in how 
much secondary proteolysis is occuring. (Table 1) Comparing all t .he 
enzymes to porcine pepsin which had the least proteolytic effect in 
cheese (based on percent water soluble nitrogen) when used in milk at pH 
6.6, the proteolytic effect of the enyzmes are as follows from the least 
to the most proteolytic. 
l. Porcine pepsin 
2. Porcine pepsin 
3. 2 x procine pepsin 
4. Mucor miehei protease 
5. Chymos-i -n --
5. 3 x porcine pepsin 
5. Bovine pepsin 
6. Mucor pusillus protease 
pH 6.6 
pH 6.2 
pH 6.2 
pH 6.2 
pH 6.6 
So far, the strain of starter organism does not seem to have an 
effect on secondary proteolys is. Bitterness wa s de tected in chees;e made 
with strain HP and also with ~lucor pusillus protea se. 
TAB LE 1. Percen t water soluble nitrogen in cheese. 
Enzyme 
Porcine pepsin 
Mucor miehei 
protea:se--
Mucor pusillus 
protease 
Po rcine pepsin 
Chymosin 
Chymosin 
Porcine pepsin 
Cui ture 
ML! 
HP 
commercial 
commercial 
commercial 
commercial 
HP 
MLI 
commercial 
Bovine pepsin (6 . 2) commercial 
Bovine peps in (6 .6) commercial 
Po rcine pepsin commercial 
1xPorcine pepsi n commercial 
2xPorcine peps in commercial 
3xPorcine peps in commercial 
% water soluble N at 
1 mo 
7.88± . 49 
7 .39±.18 
7.56±.51 
11.07±.36 
16 .17± .54 
6.90±.18 
11.32±.63 
11.28±.46 
6.93±.18 
11.28±1.08 
11. 43±1. 31 
6.99±.47 
9.51± .68 
10.44±. 77 
11. 99±. 42 
3 mo 
12.53±.27 
12.08±.33 
12.89±.46 
19. 73±1.27 
27.94±1.42 
11. 32± . 63 
Total Flavor score* at 
Enzyme Culture Trial 1 mo 3 mo 
1 x Porcine pepsin commercia 1 33 33 
{pH 6.2) 
2-8 
32 
2 x Porc ine peps in commercial 34 33 
{pH 6.2) 
29 
31 
3 X proci ne pepsin commercial 31 28 
30 
32 
Chymosi n MLI 34 33 
30 
29 
Chymosin HP 30 17 
25 
29 
Porcine pepsin commerci a 1 29 30 
29 
25 
*[h e max imum tota I fl avo r score that cheese ca n have 1 s 42 
Ictal Flavor score at 
t.nzyme Culture Trial 1 mo 3 mo 5 mo 
Porcine pepsin MLI 30 34 29 
2 31 33 30 
3 29 30 
Porcine pepsin HP 28 24 23 
2 33 27 22 -
3 27 24 
Porcine pepsin commercia l 30 28 26 
2 31 31 31 
3 30 31 
Mucor miehei commerc ia 1 31 28 
protea-se--
2 33 30 
3 32 31 
Mucor pus illus commercia 1 28 29 
protease 
2 28 27 
3 25 22 
Porcine pepsin commercial 32 32 
2 28 29 
3 29 31 
Total Flavor score at 
Enzyme Culture Trial 1 mo 3 mo 
Bovine pepsin commercia 1 29 2B 
(pH 6. 6) 
2 24 19 
3 25 
Bovine pepsin corrmercial 32 33 
(pH 6. 2) 
2 33 32 
3 29 
Porcine pepsin corrmercial 28 27 
2 30 30 
3 31 
TITLE: Evaluation of Milk Proteins as Whitening Agents in Processed 
Meat and Poultry Products 
Principal Investigator : Daren Cornforth, Ph . D. 
PROPOSED OBJECTIVES: 
Associate Professor 
Dept. of Nutrition and Food Sciences 
Utah State University 
Logan, UT 84322-8700 
A. Determine optimum use level for various milk protein fractions in 
manufacture of conbo light-dark veal or poultry rolls. 
B. Determine the mechanism by which caseinates, (and possibly other 
milk proteins) lighten the color of meat or poultry rolls 
containing dark meats. 
SIGNIFICANCE 
Sodium and calcium caseinates (1 %) lighten the color of poultry rolls 
containing thigh meat, by an unknown mechanism. Combo poultry rolls 
with caseinates have a more uniform, lighter color, and sell better. 
Other milk protein fraction s may also improve color of combo roll s , or 
even of rolls with all dark meat. If so, use of milk proteins in 
manufacture of poultry and meat rolls could increase substantially. 
One potentially significant use of milk proteins may be to lighten the 
color of veal, permitting older calves to be sold as veal. 
EXPERIMENTAL APPROACH 
Turkey combo rolls (70:30 light:dark meat) will be formulated to 
contain 0, l, 2, 3 and 4% whey protein concentrate. Product will be 
evaluated by sensory panel for acceptability and color . Color will 
also be quantified by use of a Hunter colormeter. PH, oxidation 
reduction potential and myoglobin solubility will also be mea sured 
before and after processing. Reflectance spectra of final products 
will also be obtained with a Hunter spectrocolorimeter. Pigment 
solubility and reflectance spectra will provide information on the 
type and quantity of pigment present, and thus on the effect of 
caseinates on product color. Similar experiments will be repeated for 
non fat dry milk, sodium caseinate, and calcium caseinate (control), 
using both turkey meat and veal. 
Further model system studies of milk protein-myoglobin interactions 
may be of interest, depending on the results of the initial 
reflectance and solubility data. 
BUDGET 
Budget item 
Graduate Research Assistant - 1/2 time 
Boneless turkey breas t meat and thigh meat 
5 rolls/treatment X 2 (dup li cate) X 4 
treatments X 5 lbs/roll = 470# meat X 
$1. 75/l b 
Veal 470# X $2.00/lb 
Other ingredients and processing supplies 
Lab supplies computer time, etc. 
Publication costs, travel 
Lab Tech. - .25 time (including benefits) 
Annual Total: 
Initial work will be done in the first 
year. Model system studies and publications 
will be done in the second year. 
$6,000 
823 
940 
100 
$1,964 
5,500 
$15,327 
Two Year Total: $29, 339 
OTHER COLOR PUBLICATIONS 
Cost- 2nd Ytr 
$6,000 
100 
1,412 
1,000 
5,500 
$14,012 
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2. Cornforth, D.P., Egbert, W.R. and Sisson, D.V. 1985. Effects of 
low temperature and increased oxygen concentration on color of 
intact pre-rigor muscle. J. Food Sci. 50:1021. 
3. Egbert, W. R. and Cornforth , D.P. 1986. Factors influenci ng <co l or 
of dark cutting beef muscle. J. Food Sci. 51:57. 
4. Orcutt, M.W., Dutson, T.R., Cornforth, D.P. and Smith, G.C. 1984. 
Factors affecting the formation of a dark, coarse band 
("Heat-Ring") in bovine longissimus muscle. J . Ani. Sci. 
58 :1366 . 
5. Cornforth, D.P., Vahabzadeh, F., Carpenter, C.E . and Barthol o1mew, 
D. T. 1986. Role of reduced hemochromes in pink color defec t . of 
cooked turkey roll s . J. Food Sci. 51:1132. 
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10. Project Details 
a. Objectives: 
The objective of the proposed research is to determine. 
optimum use level of various milk protein fractions in manufacture of 
combo light-dark meat and poultry rolls. Caseinates lighten the color 
of poultry rolls containing dark meat. Light colored rolls sell 
better. 
Thus, a second objective of the proposed work is to determine the 
mechanism by which milk proteins lighten the color of poultry rolls. 
If other milk protein fractions also lighten poultry rolls, the use of 
milk proteins in manufacture of meat and poultry rolls could increase 
substantially. 
b. Background information: 
Milk proteins are currently permitted in nonspecific red meat 
products for emulsion stability, water and fat binding, and to improve 
texture. In poultry products containing dark (thigh) meat, an 
additional and very important attribute of caseinates is a lightening 
effect . This effect has only recently been reported (Andres, 19B6), 
and the mechanism for the whitening effect has not been investigated. 
Thus, it is very important to learn more about the cause of the 
whitening effect, and especially to determine if milk protein 
fractions other than caseinates also cause whitening of poultry 
loaves. 
The level of caseinates, whey protein concentrate, or nonfat dry 
milk is limited to 2%, 3.5%, or 2%, respectively, in products such as 
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hot dogs, but i s permitted at levels sufficient to obtain desired 
functionality in non-specific meat ~oaves (deHoll, 1981). If whey 
proteins or nonfat dry milk also cause whitening of veal or poultry 
loaves, it will be necessary to determine optimum use levels. For all 
milk protein fractions ( including case inates) that cause whitening, it 
will be of great interest t o determine the ratio of milk protein: dark 
meat sufficient to cause whitening. For example, 1% ca l cium case ina te 
may be sufficient to cause whitening in combo rolls containing 10% 
dark meat, but 3% casei nate may or may not be sufficient to cause 
whitening in combo roll s conta ining 30% dark meat. It will also be of 
interest to determine the possibility of using milk proteins to 
produce an accepta ble light-colored poultry roll from 75 or 100% dark 
meat. 
c. Design of Proposed Project - include Gra nt Chart (use 
attached or design your own) analytical and statistical methods for 
evaluation: 
Comparison of whitening effect of various milk proteins in veal 
or poultry combo rolls. Veal or turkey combo rolls (75:25 light:dark 
meat) will be formulated to contain 0, 1, 2, 3, or 4% sodium 
caseinate, calcium caseinate, nonfat dry milk (NFDM), or whey protein 
concentrate (WPC}. If whitening i s obse rved in 75:25 rolls, further 
product will be prepared at 50:50, 25:75 and 0:100 li ght: dark meat. 
If little or no whitening is observed at the 75:25 ratio, further 
product will be prepared at 90:10 light to dark meat. 
PROJECT TITLE: Use of milk proteins to improve color of veal and 
turkey rolls. 
The initial trial at 75 :25 light to dark meat will consist of 4 
milk protein treatments (sodium and calcium casei nate), NFDM, and WPC, 
5 concentrations (0,1,2,3,4%} in duplicate for a total of 40 turkey 
rolls. At 5 lbs ./ roll, 200 lbs, turkey meat is required (150 lbs. 
light and 50 lbs. da rk meat). 
For comparison, 2 rolls consisting of 100% light meat will also 
be prepared. For further experimentation at 10, 50, 75, or 100% dark 
meat, another 200-250 lbs. of turkey meat may be required, depending 
on the effectiveness of the various milk proteins for causing 
whitening in the initial trial. 
Thus, about 470 lbs. turkey meat will be required. Turkey meat 
will be obtained directly from a local processor, and turkey rolls 
will be prepared by standard industry procedures (Cornforth et al, 
1986). 
Product will be evaluated by a 10-member, trained sensory panel 
for acceptability and color. Palatability parameters of tenderness, 
juiciness, and flavor will be determined with a 9 point sca le, where 
9= very tender, juicy, or desirable, and 1= very tough, dry, or 
undesirable, respectively. Appearance characteristics of color and 
uniformity of color will also be evaluated on 1 em thick slices, using 
a 9 point scale, where 9= very light or very uniform and 1= very dark, 
or very spotty, respectively. Color will also be measured with a 
Hunter Color Meter (Cornforth and Egbert, 1985}. 
The whitening effect of caseinates on meat co l or could be due to 
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a masking effect of the opaque caseinates, or to a direct interaction 
with or oxidation of the heme pigment itself . To quantify ;uch 
effects, pH, oxidation-reduction potential, and reflectance spectra of 
cooked products will be obtained (Cornforth et al, 1986). Myoglobin 
solubility of cooked products will also be determined (Krzywicki, 
1982). Pigment solubility and reflectance spectra will provide 
information on the type and quantity of pigment present, and thus 
provide information on the effect of milk proteins on meat color. 
Further model system studies on milk protein-myoglobin 
interactions may be warranted , if initial results indicate that such 
interactions indeed occur. 
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Project Timetable 
Tne graduate research ass istant will have primary responsibility 
for phase 1, the preparation of the 75:25 light:dark meat rolls. This 
and the associated chemical analysis will take 8 months. Phase II, 
the preparation and analysis of turkey rolls with varying light:dark 
meat ratios will take an additional 8 months. A student technician 
will assist with phases I and II. 
The principal investigator (D.P.C.) will assist with phases I and 
II, and will have primary responsibility for phase Ill, ana lysis and 
preparation of results for publication, during the final 8 months of 
the 2-year funding period. 
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d. Available Fac ilities and Equipment: 
Product preparation: The USU meats lab, housed in the new {1974) 
Nutrition and Food Sciences building, is spacious and well-equipped 
with all equipment needed for preparation of meat rolls, including a 
20-liter bowl chopper, mixers, grinder, hydrauli c sa usage stuffer, and 
smokehouse with wet and dry bulb temperature controls. 
Product analysis: The NFS meat science labs are well-equipped 
with all instrumentation necessary for muscle pigment analysis, 
including Orion pH meter with ORP el ectrode, Hunter Lab Digi tal Co l or 
Difference Meter Model D25D2A, Beckman spectrophotometer, analytica l 
and top loading balances. 
e. Significance of the Project to the Dairy Industry 
Per capita consumption of poultry meats is rap idl y in creasing in 
the U.S. However, rolls and loaves conta inin g dark (thigh) meat do 
not se ll as well as the lighter and more uniform breast meat products. 
Combo light:dark meat rolls with case ina tes also have a uniform, light 
col or , and sell better than rolls formulated without case inates. 
Other milk protein fractions may also improve co lor of combo rolls, or 
even rolls made with all dark meat. If so, use of milk protein in 
manufacture of pou ltry and meat roll s cou ld increase substanti all y. 
One potentially significant use of milk proteins may be to lighten 
color of veal products, permitting older calves to be sold as veal. 
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Professional Experience (related to proposed project): 
1971-1974 - M.S. research at Colorado State University on effects 
of bread, sex, and diet on bovine muscle growth and muscle fiber 
type. 
1974-1978 - Ph.D. research on relationship of mitochondrial and 
sarcoplasmic reticulum membranes to cold shortening in beef and 
rabbit muscle. ·· 
1978-present - Assistant and Associate Professor at Utah State 
University. Research has focused on meat color chemistry and 
associated meat color defects in turkey and beef muscle, and 
on mechanism of nitrite inhibition of botulism in temperature-
abused, cured meats. 
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Project Title: Evaluation of Milk Proteins as Whitening Agents in Processed 
Meats and Poultry Products. 
Personnel: D. Cornforth, Associate Professor, Nutrition and Food Sciences, Utah State 
University 
Brent Dobson, Graduate Student, Nutrition and Food Sciences, Utah State 
University 
Funding Sources: Western Dairy Foods Research Center 
Results: 
Bologna (90% turkey thigh meat, 10% fat), turkey rolls (100% turkey thigh meat) and patties 
(100% turkey breast meat) were formulated with 3% nonfat dry milk (NFDM), 3% calcium 
caseinate (as percent of final product), or controls. Bologna made with 3% NFDM was 
significantly lighter and less red than controls, by both visual appraisal and reflectance 
measurement with a Hunter colorimeter. White meat patties made with 3% NFDM or 3% 
caseinate were also significantly lighter than controls. No whitening effect was observed for thigh 
meat rolls containing milk proteins. 
Dramatic whitening of turkey thigh meat or mechanically de boned turkey was achieved in 
production of turkey surimi, in which meat was ground, and muscle pigments extracted in 0.04 
molar phosphate buffer, pH 8.0. An acceptable turkey nugget was produced using 50% white 
meat and 50% washed, mechanically deboned turkey meat. 
Milk proteins appear to have greatest whitening effect in emulsified products (bologna) or meat 
with low pigment content {turkey breast patties). 
Impact of Research: 
Sodium and calcium caseinates ( 1%) have previously been reponed to lighten the color of thigh 
meat poultry rolls. Combination light-dark meat poultry rolls formulated with caseinates have a 
lighter, more uniform color, and sell better. Present results indicate that NFDM also lightens color 
of turkey thigh meat bologna NFDM may also lighten color of turkey rolls, if an injection-
rumbling procedure is used to better distribute the NFDM. If so, use of milk proteins in poultry 
processing could increase substantially. Another potentially significant use of milk proteins may 
be to lighten the color of veal. 
The work on the incorporation of milk proteins, as whitening agents, in meat emulsions is 
progressing well. To date we have seen lightening in ground turkey breast and a bologna type 
prorJuct, when milk proteins are added. 
The further processing of turkey (ie. pre-cooked products) has increased significantly in the U.S. 
in the last few years. Today the industry processes 1.75 million tons per year (National Turkey 
Federation, 1989). If milk proteins were used in all processed products at a three percent level, 
utilization of milk proteins would be 52,500 tons/year. The dollar value at possible usage levels 
44 
could be $94,500,000.00 per year using nonfat dry milk with a price of $0.90 per pound. 
However if the meat industry used caseinates which run $2.85- $3.10/pound this dollar amount 
could increase to $299,250,000- $325,500,000 respectively. 
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iro determine the effects of various milk proteins (3% calcium caseinate , non-fat dry 
ilk (NFDM), or whey protein concentrate (WPC)) on color, texture and pane l 
acceptability of turkey rolls containing 10 or 30% turkey thigh meat. 
l
irbe turkey rolls were evaluated by a trained sensory panel (21 panelists) and by 
nstrumentation. Color intensity, color uniformity, cohesiveness, tenderness, flavor, 
uiciness and overall acceptability were evaluated on a 7 point scale, where 7 was high 
nd 1 was low for each attribute. The study was repeated three times. Controls (no 
f11ilk proteins) and rolls formulated with NFDM or WPC were rated significantly higher 
than rolls containing caseinate for color uniformity, cohesiveness, flavor and overall 
acceptability. Rolls containing caseinate were significantly darker than controls or roll s 
ritb WPC. Panelists detected no significant differences among milk protein treatments 
lor juiciness or toughness. However. the rolls formulated with 10% thigh meat were 
significantly more tender than rolls formulated with 30% thigh meat. Instrumental 
analysis (Hunter color and succulometer ) also showed no significant differences 
among milk protein treatments for color or expressible juices, respectively. Rolls made 
With milk proteins bad significantly higher cooked yields (89%) than control rolls (86%). 
n conclusion, milk powders containing lactose (NFDM and WPC) increased the yield 
and cohesiveness of turkey rolls. color was unaffected, compared to controls. Turkey 
oils made with calcium caseinate also increased yield compared to controls, but the 
oils had poor texture and insufficient cohesiveness. 
Impact of Research: 
Turkey rolls and other precooked meat items such as ham, bacon, or roast beef usually 
contains 0.5% phosphate to increase the cooked yield and product cohesiveness. 
Results of this study showed that addition of 3% NFDM or WPC increased yield and 
improved texture of turkey rolls , even in the absence of phosphate. Calcium caseinate 
addition increased yield, but texture was poor. NFDM or WPC are both over 50% 
lactose. Calcium caseinate contains no lactose. It thus appears that lactose is the 
substance that improves texture of turkey rolls. 
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Phosphates are not permitted in some cooked meat products in Europe or Japan. Thus 
there is great interest in substitutes for phosphates in precooked meats. Based on 
results of this study, both NFDM and WPC have potential to replace phosphate in 
precooked meats. 
Caseinates have been the most widely promoted milk powder for use in meat products. 
Results of this study show that lactose-containing NFDM and WPC were actually 
superior to calcium caseinate in a cooked turkey roll. Thus there is great potential for 
increased use of NFDM and WPC or lactose in precooked poultry products. 
Publications and Abstracts: 
Dobson, B.N., and D.P. Cornforth . 1990. Effects of calcium caseinate , nonfat dry milk, 
and wehy protein concentrate on color and texture of turkey rolls . Proceedings of 
43rd Annual Reciprocal Meat Conference, Starkville, Mississippi (Abstract) . 
Dobson, B.N., Cornforth , D.P., and Pyke, D. 1990. Effects of calcium caseinate, nonfat 
dry milk, and whey protein concentrate on color and texture of turkey rolls. Journal 
of Food Science (in preparation) . 
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INTRODUCTION 
Most dairy products are excellent sources of protein, vitamins 
especially riboflavin , vitamin D when added, minerals especially calcium , 
and energy. The .:me major nutrient that is deficient in diary products is 
iron. Iron deficiency continues to be a -major health problem in the u.s·. as 
well as the world. For example, Dr. Hendricks recently found that 22 of 50 
USU college women tested had serum ferritin concentrations ~15 ng/ml. 
(Any subject with a ferritin value below 20 ng/ml is clinically iron 
deficient.) Dairy products are being promoted as good sources of calcium 
(and vitamin D) for the prevention of osteoporosis . If suitable sources of 
iron were found that could be used to fortify them, dairy products could 
also be promoted as good sources of iron. 
Osteoporosis and iron deficiency are both common health problems 
of women . Children under two years of age are also susceptible to iron 
deficiency as well as men above age 65. Many older caucasions become 
somewhat intolerant of lactose in fluid milk but are able to consume 
cultured dairy products without difficulty. Iron fortified dairy 
products could be promoted for preventing iron deficiency 
anemias that are prevalent in very young children, women of child-
bearing age and elderly men and osteoporosis in both women and men. 
There are a number possible strategies for fortifying dairy products . 
However, the addition of iron to cultured products is very intriguing 
because of their lactic acid content. Calcium lactate is a highy 
bioavailable form of supplemental calcium. The lactate salt of iron may 
be an excellent form of supplemental iron which could be formed naturally 
or on iron addition to the fresh curd subsequent to culturing. Iron 
fortification of milk has been studied but there are many more forms of 
supplemental iron that may be considered (Table 1-3). There are many 
potential opportunities for fortifying dairy products with iron: (1) fluid 
milk could be fortified by adding iron before or after homogenation and/or 
pasteurization, (2) yogurt and cultured butter milk could be fortified by 
adding iron before or after culturing, (3) natural cheese could be fortified 
by adding iron to the curd, perhaps with the salt, after culturing, or (4) 
various processed cheeses could be fortified by adding the iron before, 
during or after cooking . Certainly, iron fortification of cultured 
dairy products that include yogurt, butter milk and natural and 
processed cheeses is a fruitful area of product development 
research . 
The objective of the proposed research is to study iron fortification 
in cheese curd . The first part of the study is to identify potential 
iron fortification sources that will not adversaly affect product 
quality. The initial studies will be using iron sources that are readily 
available. Some of these sources have been identified in Table 1; ·however, 
additional ones will be found and considered. The second part of the study 
is to evaluate the bioavailability of the potential iron sources in 
cheese curd that have been found to be compatible with cheese production . 
Although the methods described below are for milk and cheese curd, an 
alternate approach may be to study iron fortification of process cheese. 
Table 1. Summary of iron sources that have been studied or may potentially be used in dairy products 
/rQD_SaJ\s Bioavailabilitv · Chemical Chanae in Dairv Products 
flavor TBA Color 
I. Simole Iron Salts 
FeS04 
FeCb 
59-iron abs. 40-79% in milk, rat 
59-iron abs. (25ug/ml) 24%, rat 
abs. 2.9-5.1% MBIF, human 
abs. 5.9-11 .3% (+Vit C) MBIF, human 
59-iron abs. 12%,WM, mice 
HRE 54%, MCM, rat 
HRE 67-82%, WGM, rat 
59-iron abs. 22%,NFM,mice;59%,chick 
RBV 106% in NOM, rat 
change,WMa 
change after 1d,MVM 
change 1 d, better 14d,CM 
change after 1 day, WM,SM 
high 
high 
change 1d(10mg/qt),7,14d better,WM 
strong oxidized flavor at 40mg/qt 
change (20ppm), SM 
no change in SMC 
no change in NOM (6mo, 27C) 
FeCI2 change (20ppm), SM 
slight change, NOM 
high 
59-iron abs. 12%(RBV 100%),WM, mice 
change 
References 
Wang & King, 1973a 
Scanlan & Shipe , 1962 
Hegenauer et al., 1979 
Douglas et al. , 1981 
Demott, 1971 
Edmomdson et al., 1971 
Gruden, 1982 
Momcilovic & Kello, 1979 
Stekel et al., 1986 
Lonnerdal et al., 1985 
Anderson et al. , 1972 
Park et al., 1986 
Carmichael et al. , 1975 
Kurtz et al., 1973 
Kurtz et al., 1973 
Hegenauer et al., 1979 
Lonnerdal et al. , 1985 
Iron salts Bioavailability Chemical Chanqe in Dairv Products_ . References 
Flavor TBA Color 
Ferric sulfate slight change after 5d,MVM 
no report 
Ferric phosphate minor off flavor, WM,SM 
RBV 31%(6mo store), 19%(12mo store),MBP,rat 
58-iron abs. 24% (RBV 104%),cocoa drink,human 
abs. 35%, semi. diet, rat 
II Metallic Iron 
Electrolytic iron (EL) 
RBV 90%(6 mo store},107%(12 mo store),MBP,rat 
Carbonyl iron (CI) 
RBV 119%(6mo store},69%(12mo store),MBP,rat 
HRE 28% (RBV 52%), MCM, rat 
no report 
no report 
Bio-Piex TM Fe high oxidized flavor,WM 
Ill Complex Iron Salts 
Ferric ammonium sulfate (FeAS) change,WM 
abs. 10% in MP, human 
slight change after Sd,WM 
high,7.80(ctr1 .74) 
high 
Scanlan and Shipe, 1962 
DeMott, 1971 
Clemens, 1981 
Fairweather-Tait et a/. ,1983 
Morris & Ellis, 1976 
Clemens, 1981 
Clemens, 1981 
Anderson et a/., 1972 
Baldwin eta/., 1982 
Wang & King, 1973a 
Scanlan & shipe, 1962 
Davis eta/. , 1976 
Iron salts Bioavailabilitv__ Chemical Chanae in DaiN Products References 
Ferrous ammonium sulfate 
abs. 35%, semi. diet, rat 
Ferric ammonium citrate (FeAC) 
RBV 100% (20ppm),NDM,rat 
RBV 107% 
radioiron balance 35%, pig 
Ferric choline citrate (FeCC) 
RBV 102% 
Flavor TBA Color 
change after 1d,MVM 
no change (1 Omg/qt), WM 
distinct oxidized flavor at 40mg/qt 
no change,WM 
no change 
no effect on dispersity 
no chang (10mg/qt), WM 
strong rancidity flavor (40mg/qt) 
off flavor (1 Omg/qt),WM,7d 
randdity 
change in 1d, WM,SM 
no change in NDM (6 mo, 27C) 
no change, CM 
slight change,WM 
no change,CM 
off flavor (1 Omg/qt) 1 d,WM 
after?, 14d,better 
change,CM 
medium high 
charige,CM 
Scanlan & Shipe, 1962 
Edmondson et al., 1971 
Morris & Ellis, 1976 
Wang & King, 1973 
Schoppe! et al., 197 4 
Edmondson et al., 1971 
Jones et al., 1975 
DeMott, 1971 
Kurtz et al., 1973 
Douglas et al., 1981 
Wang & King, 1973b 
Wang &King, 1973a 
Douglas et al., 1981 
Edmondson et al., 1971 
Iron salts Bioayailability Chemical Chanae in Dairv Products nReferences 
Ferric citrate 
RBV 122% in MBIF, rat 
59-iron abs. 9%(RBV 75%),WM,mice 
Ferrous citrate 
RBV 148% in MBIF, rat 
Citrate phosphate iron complex (Fe, 16.7%) 
RBV99%, rat 
Ferric pyrophosphate soluble 
Ferric pyrophosphate 
RBV 71-125% in MBIF, rat 
Ferric glycerophosphate 
RBV93% 
RBV 135% in MBIF, rat 
RBV 100%, SM, preschool children 
Flavor TBA Color 
medium high Hegenauer et al., 1979a 
no change, CM 
slight rancid and oxidized 
flavor at 40mg/qt,WM 
no report 
no report 
no change in commercial 
equipment treat after Sd, MVM 
Vit C decreased to half(13.1 to 5. 7mg/l) 
(control13.1 to 11.0mg/1) 
minor off flavor, WM,SM 
no change, CM 
no change (1 Omg/qt), WM 
distinct rancid flavor at 40mg/qt 
change,CM Douglas et al., 1981 
no change,CM 
Edmondson et al., 1971 
Theueretal., 1973 
Lonnerdal et al., 1985 
Theuer et al., 1973 
Ranhotra et al., 1981 
Scanlan & Shipe, 1962 
DeMott, 1971 
Theuer et al. , 1973 
Douglas et al., 1981 
Edmondson et al., 1971 
Theuer et al. , 1973 
Layrisse et al., 1973 
.tmn_satts_ Bioavailabilitv _____ Chemical Chanae in Dairv Products References 
Ferripolyphosphate (FIP) 
RBV60% 
Flavor TBA Color. 
no change,CM no change,CM 
Douglas et al. , 1981 
FIP (aqueous) off flavor(10mg/qt),7d, WM Jones et al. , 1975 
Sodium ferric pyrophosphate (SFP) 
RBV 35%,CM, rat ; RBV 19% 
RBV 39-60% in MBIF, rat 
no change, CM 
HRE 28% (RBV 52%),MCM, rat 
Ferric NTA (Ferric nitrilotriacetate) 
59-iron abs. 15%(RBV 125%),WM, mice 
59-iron abs. 24%(RBV 111%),NFM,mice;69%(RBV 117%),chick 
Ferric EDTA 
59-iron abs. 10%(RBV 83%),WM, mice 
59-iron incorporate to Hb,water, 12%,human;4.6%,swine 
Ferrous gluconate 
RBV97% 
change (20mg/q1), SM 
no change, NOM 
change, 1d; better 14d, CM 
change after 1 day, WM,SM 
slight change (1 Omg/q1), 1 d 
better after 7 & 14d 
strong oxidized flavor at 40mg/q1 
no change,~M 
low 
low 
change,CM 
Douglas, et al., 1981' 
Theuer et al. , 1973 
Anderson et al., 1972 
Hegenauer, et al. , 1979a 
Lonnerdal et al. , 1985 
Carmichael et al. , 1975 
Hegenauer et al. , 1979a 
Lonnerdal et al., 1985 
Candela et al., 1984 
Kurtz et al. , 1973 
Douglas et al., 1981 
DeMott 1971 
Edmondson et al., 1971 
Iron salts Bjoavailabiljtv Chemical ChanQe in Dairy Products References 
Flavor TBA Color 
Ferric gluconate 
RBV 139% in MBIF, rat 
no report 
Ferric lactobionate 
59-iron abs. 17% (RBV 142%),WM, mice 
Ferric fructose 
RBV80% 
59-iron abs. 22.5%(RBV 103%),NFM,mice;61%(RBV 103%),chick 
Ferrous fumarate 
RBV95% 
Ferrous lactate 
RBV 118% in MBIF, rat 
Ferric lactose 
slight change after 14d,CM 
oH flavor at 10mg/qt,WM 
change, 1 d; better after 14d,CM 
change after 1d, WM,SM 
no change(125ppm in milk) 
low 
high 
change,CM 
Theuer et al., 1973 
Hegenauer et al., 1979a 
Lonnerdal et al., 1985 
Hegenauer et al., 1979a 
Fritz et al., 1975 
Carmechael et al., 1975 
Douglas et al. , 1981 
Edmondson et al., 1971 
change,CM Douglas et al., 1981 
DeMott 1971 
Theueretal., 1973 
slight change 
with Vit C, no change Kiran et al., 1977 
!Lon_ salts_. Bioavailabilitv ChemicaL Chanaaln Dairv Products . _Re1.ere.n.ces. 
Flavor TBA Colo.r 
Ferric saccharate no fat oxidation, IC 
RBV 79-102%, rat no off flavor, IC darken color 
(highest level used, 18.5mg/1 OOg) Hurrell , 1985 
Ferrous succinate 
RBV 120%, rat & human 
Ferric phytate 
abs. 35% (RBV 97-102% toFeAS),semi. diet,rat 
Ferric polymaltose complex 
59-iron abs.18-29%(RBV 63%),solution,human 
59-iron abs.19-40%(RBV 78%),solution,rat 
Ferastral (lron-poly(sorbitol-gluconic acid) complex) 
no report Hurrell, 1985 
no report Morris & Ellis, 1976 
no report 
Jacobs, 1987 
Hb incorporation 63-111 %,intramuscular injection,human Norrby & Solvell, 1977 
IV, Comolex Iron Bound to Protein 
Ferripolyphosphate-whey protein complex (FIP-PRO) 
RBV 95%,rat; RBV 92% no change, CM 
RBV 92-100%,WM, rat & chick no change, WM 
no report 
no change,CM Douglas eta!. , 1981 
Jones et al. , 1975 
Iron salts Bioayailability Chemical Change in Dairv Products References 
Flavor TBA Color 
Ferritin 
abs. 0.7% in water, women no report 
abs. 0.4% in maize porridge, women 
abs. 12.1%,maize porridge+100mg Vi! C,women 
Iron-casein 
59-ircn abs. 9-13% (RBV 95%), NFM, mice no report 
aABBREVIATIONS 
SM= skim milk 
MP= milk powder 
MCM= milk cereal mix 
d=day 
abs.= absorption 
semi.= semipurified 
WM= whole milk CM= chocolate milk 
MBIF= milk based infant formula IC= infant cereal 
SMC= skim milk concentrate ctr= contrcl 
HRE= hemoglobin regeneration efficiency 
RBV= relative bioavailability value 
TBA= thiobarbituric acid reaction 
Derman et al., 1982 
Carmichael et al., 1975 
NDM= non fat dried milk 
MVM= multivitamin mineral milk 
MBP= milk based product 
NFM= non fat milk 
WGM= whole goat milk 
Lactoferrin 
Lactoferrin is a single chain, iron binding glycoprotein, partly 
saturated with Fe3+. It is capable of binding two iron atoms/protein 
molecule and it may contain different sugars (Blanc, 1981) . 
Table 2. Iron, lactoferrin contents and bioavailabi!ity in human, bovine and goat milk 
Item l::lumao mil~ Co:tr:'smills f'lla! mil~ Bflffl[flDQfl 
Iron, mg/1 0.8 0.5 1.0 (1) (2) 
Lactoferrin, gil 1.7 traces (3) 
Major iron-binding protein Xanthine oxidase Casein (4) 
Bioavailability 
59-iron incoprated to Hb,adult 20.8% 13.6% (5) 
Calculated abs.,new born 70% 30% (6) 
HRE(RBV),WM, rat 13.1%(14%) 50.6%(54%) (7) 
HRE(RBV), SM, rat 13.0%(14%) 26% (28%) (7) 
Absorption, MBIF,women 5.3-19.5% (8) 
(1)Bianc,1981 (2)Fomon et al., 1974 (3) Lawrence,1985 (4) Lonnerdal et al., 1981 
(5) McMilla et al., 1976 (6) Saarinen et al., 1979 (7) Park et al., 1986 (8) Gillooly et al.. 
1984 
Table 3. Amino acid and carbohydrate contents of lactoferrin in human milk and bovine milk• 
Human milk Bovine milk 
Asp & Asn 65 64 
Thr 33 34 
Ser 46 40 
Glu & Gin 69 66 
Pro 33 32 
Gly 49 48 
Ala 56 64 
1/2 Cys 26 18 
Val 43 44 
Met 5 5 
lie 16 16 
leu 54 62 
Tyr 20 20 
Phe 28 26 
Lys 39 49 
His 10 10 
Arg 38 36 
Trp 11 15 
Galactose 4 5-6 
Man nose 6 15-16 
Fucose 2 
GlcNAc 8 10-11 
NeuAc 3 
N-terminal Gly Ala 
C-terminal 
Molecu lar weight 76,400 86,100 
·unit: moVmol protein. Cited from Blanc, 1981. 
MATERIALS AND METHODS 
Experiment I. Screen Iron Sources for Milk and Cheese Fortification 
1. Iron Sources 
This experiment is designed to find the iron sources which have 
minimal oxidative reaction with milk and cheese. The iron salts to be 
evaluated in this study are: 1. iron salts which cause minimal oxidative 
damage when added to milk or milk products ; 2. iron salts which are likely 
not to cause oxidative damage due to their chemical structure. 
2. Experimental Design 
Various selected iron salts will be added to milk and cheese. The milk 
and cheese will be stored for different time periods and then the oxidative 
damage of added iron salts to milk and cheese will be evaluated by taste 
panel judges and TBA reaction measurement. The judging panel is designed 
as follows : 
Table 4. Experimental Design of judging panel for milk and cheese curd 
flavor and appearance changes caused by iron fortification 
milk Qh!;l!;lS!;l 
Days stored 1d 7d 14d 1d 15d 30d 
No iron added 50 50 50 50 50 50 
FeS04 50 50 50 50 50 50 
Test iron I 50 50 50 50 50 50 
Test iron II 50 50 50 50 50 50 
Test iron Ill 50 50 50 50 50 50 
Test iron IV 50 50 50 50 50 50 
Test iron V 50 50 50 50 50 50 
Test iron VI 50 50 50 50 50 50 
Test iron VII 50 50 50 50 50 50 
Test iron VIII 50 50 50 50 50 50 
About eight iron salts are planned to be judged. With control and reference 
products a person will judge 10 samples at one setting in the taste panel. 
Approximately, fifty people are expected to attend each panel. Product 
appearance and flavor will be judged. Charlotte Brennand has agreed to 
consult with us and assist in conducting the taste panel evaluations. 
The experimental design for TBA measurement for evaluation of 
oxidative damage is showm in table 5. This design is similar to the 
statistical design used for taste panel evaluation (table 4) . 
Table 5. Experimental design for TBA measurement for evaluating the 
effect of additition of various iron salts on oxidative damage 
to milk and cheese curd 
milk cheese 
Days stored 1d 7d 14d 1d 15d 30d 
No iron added 3 3 3 3 3 3 
FeS04 3 3 3 3 3 3 
Test iron I 3 3 3 3 3 3 
Test iron II 3 3 3 3 3 3 
Test iron Ill 3 3 3 3 3 3 
Test iron IV 3 3 3 3 3 3 
Test iron V 3 3 3 3 3 3 
Test iron VI 3 3 3 3 3 3 
Test iron VII 3 3 3 3 3 3 
Test iron VIII 3 3 3 3 3 3 
Triplicate samples in each treatment milk or cheese are going to be 
analyzed for malonaldehyde value . 
3. Procedure 
Iron salts will be put in milk after pasteurization . Most of the milk 
will be used to make cheese and a small part of the milk will be stored in 
a refrigerator for 1, 7 or 14 days . After each storage period the milk 
samples will be tested by TBA reaction for oxidative damage and judged 
by panel for flavor and color change. The milk going to cheese will be 
incubated with cheese starter, allowed to clot, cut, cooked and then 
drained of whey. The cheese curd will be dried and packaged (Kosikowski, 
1966). All cheese making will be under the instruction of Drs. Ernstrom, 
Richardson or Brown. The cheese curd will be stored in a refrigerator 
for 1, 15 or 30 days. After each storage period, the cheese samples will be 
tested by the TBA method and judged by a panel for flavor and color 
changes . 
4 . Chemical and panel analysis 
Fresh cheese curd will be measured for moisture, fat, protein and iron 
contents. Moisture will be measured by the AOAC method (AOAC, 1984) or 
microwave method (Richardson & Ernstrom, 1979). Fat contents will be 
tested by Mojonnier method (Richardson & Ernstrom, 1979). Protein 
contents will be determined by microKjeldahl method in a Tecator Kjeltec 
Auto 1030 Analyzer after digestion of cheese samples. Iron contents will 
be determined by colorimetry(AOAC, 1984) . 
A distillation method for the quantitative determination of 
malonaldehyde will be used to evaluate the oxidation damage of added iron 
to milk and cheese curd. Malonaldehyde will be condensed with TBA and 
then tested in a spectrophotometer at a 538 mu wavelength (Tarladgis et 
al., 1960). The taste panel will also be asked to judge the flavor of milk 
and cheese using the scores given by Nelson and Trout (1951 ). Any color 
change after addition of iron salts to milk or in the cheese made from 
milk, will be judged by the panel using preference scores compared with 
milk or cheese with no iron added. 
Experiment II. Determination of the Bioavailability of A Iron Supplemented 
Milk and Chesse Curd 
1. Experimental Design 
The iron salts selected in experiment I will be evaluated for their 
bioavailability in this experiment. The design of the study is as follows : 
Table 6. Bioavailability of various iron salts used to fortify milk and 
cheese curd measured in anemic rats 
Iron Sources milk cheese 
No iron added 10 10 
FeS04 10 10 
Selected iron I 10 10 
Selected iron II 10 10 
Selected iron Ill 
Selected iron IV 
Selected iron V 
Ten rats are used in each group . 
2. Diet Formulation 
10 
10 
10 
10 
10 
10 
Milk or cheeses fortified with different iron salts will be freeze dried 
and mixed with other food ingredients to make different diets which will 
be adequate for all nutrients but iron. To determine its maximal 
utilization, iron must be the only dietary factor limiting hemoglobin 
regeneration . The amount of protein, fat and fiber will be formulated to 
be similar in all diets by adjusting the levels of casein, corn oil and 
cellulose. The final iron concentration of each diet will be approximately 
30ppm and will be confirmed by chemical analysis (AOAC, 1984). 
3.Animal experiment 
Male, weanling, Spregue-Dawley rats will be individually housed in 
stainless steel cages with wire-mesh bottoms and fronts. Housing is in a 
temperature controlled room with a 12-hour day and night light cycle in 
the USU Laboratory Animal Research Center which is an American 
Association for Accreditation of Laboratory Animal Care (AAALAC) 
accredited facility . Animals will be made anemic by feeding the milk or 
cheese diet with no added iron and by bleeding approximately 1 ml of blood 
from the retro-ocular capillary bed twice , 3 days apart, during the 7-day 
pretreat period. Then the rats will be assigned randomly to treatment 
groups of 10 animals each balancing across treatments for hemoglobin 
concentration and body weight. Nine grams of test diet will be weighed 
and fed daily to each rat for 10 days. Spilled unconsumed foods (arts) wi ll 
be weighed and recorded to determine the net consumption of the diet. 
Demineralized water will be offered ad libitum. Blood samples will be 
taken from the retro-ocular capilary bed at 0 and 10 days of the 
experiment for hemoglobin determination. Body weights will be 
determined also at 0 and 1 0 days. · 
4. Analytical Procedures 
Hemoglobin will be quantitated from duplicated samples of blood by 
colorimetry (Crosby et al., 1954 ). Hemoglobin Regeneration Efficiency 
(HRE) will be calculated for each animal as follows: 
mg HbFe (day 1 0) - Mg HbFe (day 0) 
Efficiency 
-------------------------------- X 100 
mg Fe consumed days 0 to1 0 
Milligrams hemoglobin iron (mg Hb Fe) will be calculated at days 0 and 10 
for individual rat knowing body weights, hemoglobin concentrations. 
Milligrams of iron consumed will be calculated multiplying the difference 
between food given and food spilled or refused (net food intake) by the 
analyzed iron value (Fe concentration) for that diet. 
The data will be analyzed statistically by analysis of variance. When F 
is significant (P < 0.05), least significant difference values will be 
calculated to identify differences among treatment means (Carma and 
Swanson, 1973) . 
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Panel servant 40 hours 
100% time x 12 mo 
Benefit ( .315) 
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Animal care 100 hours $5.00/hr 
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subtotal 
Animal (rats) 200 x $3.25 each 
shipping and handling 
Cheese 20 lb for rats, 30 lb for panel 
50 lb X $3.00 
Milk 
Iron sources 10 x $40.00 each 
Diets 200rat x 1 Og/d x 17d=34kg=751b x 5.00 
Laboratory animal research center for animal care 
200rats x 17d x $0.12/rat day 
subtotal 
Glassware 
Crucibles 
Test tubes 
Funnels 
Chemicals and acids 
Panel costs 
$97.45/36 
$143.28/720 
$30.36/12 
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Cups, evaluation forms, misc. 
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Attend meeting to present results 
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Objectives: 
1. To evaluate effects of 12 months aging on quality of iron fortified cheeses prepared in the last 
few months of the current project 
2. To detennine the iron binding characteristics of iron-{;asein, ferripolyphosphate whey protein 
(FIP-WP) and FeCl3-whey protein (Fe-WP) complexes prepared with different iron 
concentrations. 
3. To detennine the effects of iron fortification with 'optimized' iron-protein complexes on 
cheese quality. 
4. To detennine the effects of iron fortification on yogun quality. 
5 . To detennine the bioavailability of iron in the 'optimized' iron-protein complexes as well as 
yogun and cheese fortified with them. 
Results: 
To objectives I and 3. 
Effect of Iron Fortification on Quality of Cheddar Cheese II. Effect of Aging and Fluorescent 
Light on Pilot Scale Cheeses. (Manuscript in preparation) 
Based on the success of iron fortification of Cheddar cheese at the laboratory level (about 1 kg) in 
a preliminary study, a medium scale experiment (about 12 kg) was conducted to confirm the 
results and to obtain more information. An unfortified control cheese and four cheeses fortified 
with Fe-casein, ferripolyphosphate-whey protein (FIP-WP), Fe-whey protein (Fe-WP), or 
FeCl3 were made. Iron levels and recoveries were 40, 39,39 and 42 mg/kg, and 69, 68,65 and 
70% for cheeses fortified with Fe-{;asein, FIP-WP, Fe-WP and FeCl3, respectively. Cheese 
yield ranged from 9.1 to 9.7%. Iron fortification did not affect cheese moisture, fat, protein, Na 
and Ca contents. 
TBA number and trained taste panel scores are listed in Table 1. TBA number of iron fortified 
cheeses and control cheese were undetectable up to 1 mo aging and remained low thereafter 
through 12 mo of aging. TBA number was not affected (1'>0.05) by iron fortification. Trained 
taste panelists judged low oxidized flavor for control and Fe-WP fortified cheeses at 15 d of aging 
and did not distinguish any differences (P>0.05) for oxidized off-flavor among the cheeses 
thereafter. Oxidized off-flavor did not increase (P>0.05) with aging up to 12 mo. Trained taste 
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panelists judged better cheese flavor for cheeses fortified with FIP-WP, FeCl3 or Fe-WP at 1 mo 
of aging, for cheese fortified with Fe-casein at 9 mo, and did not distinguish differences in cheese 
flavor at 15 d, 4 mo, 7 mo or 12 mo. 
Hedonic scores from the open panel of 66 lay subjects were evaluated. The judges scored all 
cheeses above average on the preference scale. The panelists did not detect differences (P>0.05) 
in texture among the cheeses. They preferred control cheese and the cheese fortified with Fe-
casein over other cheeses for cheese flavor and overall quality. 
TBA values of cheeses up to 28 d intensive fluorescent light exposure were determined. Cheeses 
aged for 6 mo were cut into small blocks, 14 x 10 x 2.5 em and re-va.;uum sealed in polyethylene 
bags, 18 x 30 em, of 0.06 mm thickness. Sealed cheese blocks were placed in a ventilated cool 
room at l0°C (50°F) under fluorescent lighting which was kept on 24 h per day at a light intensity 
of about 1280 lux. TBA values of cheese (about 2 mm thick of surface towards lights) were 
determined 0 d, 3d, 7 d, 14 d and 28 d of light exposure. Intensive light exposure slightly 
increased TBA number after 7 d which did not differ significantly among !he cheeses. TBA 
numbers of the first inner I mm layer of cheese were higher than the second 1 mm layer in all 
cheeses after 28 d of light exposure, indicating that light exposure does influence the oxidation 
process of cheese. However, the TBA number of the inner I mm cheese layer was not different 
from cheeses stored in the dark. Compared with unfortified cheese, forrifying iron into cheese 
with different iron sources did not change TBA number under this intensive light exposure. 
To objective 5. 
Bioavailability of Iron-milk-protein Complexes and Fortified Cheddar Cheese. (Manuscript 
submitted) 
Cheddar cheese was fortified with FeCI3 or iron-casein, FIP-WP and Fe-WP complexes. 
Bioavailability of iron from iron fortification sources and fortified cheeses was determined by 
hemoglobin regeneration efficiency (HRE), a determination of percentage dietary iron 
incorporated into hemoglobin. Maximal iron bioavailability was measured in anemic weanling rats 
fed low-iron diets (about 22 mg iron/kg) for the iron fortification sources and fortified cheeses. 
Basal iron bioavailability was determined for iron fortification sources in normal adult rats fed 
high-iron diets (about 145 mg iron/kg) of iron density (32mg iron/1000 kcal) found in some 
high-iron human diets. 
HRE values of the anemic rats fed iron-fortified cheeses are listed in Table 2. More than two-
thirds of the dietary iron was incorporated into Hb in anemic rats fed on iron-fortified cheese 
diets. There were no statistically significant differences (P>.05) in HRE among the cheese diets. 
The HRE values of the iron-protein complexes were similar whether they were mixed directly into 
diets or in fortified cheese and then mixed into diets (P>0.05). The HRE values were the same for 
the FeS04 and FeCI3 supplemented diets. 
HRE values of adult rats fed high-iron diets (basal iron bioavailability) were much lower than 
those of anemic growing rats fed low-iron diets (maximal iron bioavailability) (6% versus 77%, 
P<O.Ol). Iron starus and dietary iron level strongly affected the iron bioavailability values for all 
iron sources. However, differences of bioavailability among the iron sources were not significant 
(P>.05) either in anemic rats fed low-iron or in normal rats fed high-iron diets (Table 2). The 
basal iron bioavailability values were very similar to iron bioavailability values for typical 
nottheme dietary iron sources reported for normal humans. 
Feeding the high iron diets to adult rats for 14 d resulted in lower HRE than feeding for 10 d 
(P<0.05); the rats had no further increase in Hb iron during the additional4 d of feeding 
indicating that the ra+s regulate the the absorption of iron from these iron fortification sources 
47 
well. Longer time determination is needed to funher confmn the capability of rats to regulate iron 
absorption, information which will be necessary in the establishment of the safety of iron fonified 
cheese. It will be necessary to first establish the most suitable iron sources for cheese 
manufacture, however. 
Objective 2 will be studied in a separate experiment started in July, 1989. 
Objective 4 will be started in July, 1989. Instead of yogurt, process cheese fortified with iron will 
be studied. 
This project has resu:ted in one published paper, one paper in-press, and one manuscript in 
preparation on iron-fortified Cheddar cheese. We anticipate that a fourth manuscript will be 
written on iron-fonified process cheese. Four papers have been presented at scientific 
meetings. 
Impact of Research: 
Iron deficiency anemia is still a major worldwide nutritional problem. It is hard to increase dietary 
iron intake because dairy products, the major sources of dietary calcium which compose a large 
portion of diets, contain almost no iron. The people who consume high iron density diets (9 or 
more mg Fe/1 000 kcal) consume the least dairy products while those with lower iron density diets 
consume more dairy products. Iron-fortified dairy products could be promoted for increasing the 
iron density of the low-iron diets as well as calcium and vitamin D contents thereby addressing 
two major nutritional concerns of women and children: i.e., iron deficiency (women, children 
under age 2 and elderly men) and osteoporosis (middle-aged women, growing children, elderly 
men). 
Iron has not been fortified into dairy products because fortified iron causes oxidative damage. No 
trial on iron fottification of cheese has been reponed. The results reported here confumed that 
Cheddar cheese could be fonified with iron up to 12 months of aging without oxidative damage 
and iron fonification did not cause oxidative damage when the cheeses displayed under intensive 
fluorescent light exposure for 28 d. These results indicate the possibility that cheese could be 
fonified with iron in a large factory scale and iron fonified cheese could be kept in market 
condition without deterioration. They also indicate that other dairy products could be fonified 
with iron sources used in this study to avoid oxidative damage. 
Iron bioavailability of fonified cheese is important information concerning the value of fortified 
iron. Although bioavailability of iron in cow's milk is reponed to be lower than that of human and 
goat milks, iron fonified cheese had highly bioavailable iron and could provide sufficient iron to 
meet human needs. 
Food consumption trends of US women has been changing from 1977 to 1985 as an impact of 
nutritional messages. Consumption of lower-fat milk~ increased and whole milk decreased over 
the last decade. The percentage of women consuming higher-fat cheeses has also increased with 
no change observed in per capita consumption. These changes may be impacted by the nutritional 
messages, such as low fat and high fiber in diet may decrease the risk of cancer, and high calcium 
may lower the risk of osteoporosis and hypenension. However, when iron deficiency is the 
immediate nutritional concern of the people, the consumption of dairy products and other low-
iron foods may decrease. Iron fonified cheese may provide the US population a healthier and 
more nutritional food and may add an extra product to counter for the choice of people concerned 
with their iron intakes. 
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Although it is difficult for me to estimate the economic impact of iron-fonification to the dairy 
industry, iron-fonified cheese could become a popular product in the fast food industry that 
serves major amounts of foods to growing children, especially adolescents and teenagers. Iron 
fonified dairy products could become popular with women who are frequently diagnosed with 
iron deficiency anemia and are encouraged to consume iron-rich diets during pregnancy. 
Typically, there is a dietary dilemma between balancing the diet meet the Recommended Daily 
Allowance (RDA) for calcium from dairy products, which are practically devoid of iron, and 
balancing the diet to meet the RDA for iron, which is high (about 9mg Fe/! 000 kcal) for women 
and children. Fonifying dairy products at about 10 mg Fe/1000 kcal would eliminate this dilemma 
and dieticians would not have to restrict the level of dairy products in diets on this basis. 
Depending on the level and nature of promotion, iron-fonified dairy products could make up 
several percentage points of the cheese, conage cheese and yogurt produced. 
Publications: 
*Zhang, D., and A.W. Mahoney. 1989. Effect of iron fonification on quality of Cheddar cheese. 
J. Dairy Sci. 72:322-332. 
*Zhang, D., D.G. Hendricks and A.W. Mahoney. 1989. Bioavailability of total iron from meat, 
spinach (Spinacea oleracea L.) and meat/spinach mixtures by anaemic and non-anaemic rats. Br. 
J. Nutr. 61:331-343 . 
*Zhang, D., and A.W. Mahoney. 1989. Bioavailability of iron-milk protein complexes fonified 
in Cheddar Cheese. J. Dairy Sci. (In press) 
*Zhang, D., and A. W. Mahoney. Effect of iron fonification on quality of Cheddar cheese. II. 
Effects of aging and fluorescent light on pilot scale cheeses. J. Dairy Sci. (In preparation) 
*Mahoney, A.W., and D. Zhang. 1988. Progress toward fonifying cheese with iron. 
Proceedings of the 8th Biennial Cheese Conference, Utah State University, Logan, UT. 
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TABLE 1. TBA values and trained taste panel scores of iron-fortified cheese 
Iron Source Control FIP-WP Fe-casein Fe-WP FeC13 LSDl 
Cheese Fe, j.!g/g 39 40 39 42 
TBANumber 
7 days 0.00 0.00 0.00 0.00 0.00 
1 month 0.00 0.00 0.00 0.00 0.00 
4 months 0.05 0.16 0.16 0.12 0.18 
7 months 0.00 0.03 0.00 0.03 0.05 
9 months 0.02 0.03 0.10 0.06 0.07 
12 months 0.03 0.08 0.07 0.07 0.07 
Taste panel score2 
Oxidized flavor 
15 days 1.4a 4.2c 3.6c 2.0ab 3.1bc 1.5 
1 month 3.4 3.0 4.8 4.0 2.8 NS 
4 months 3.3 3.8 4.2 4 .8 4.5 NS 
7 months 3.2 3.0 3.8 5.2 5.3 NS 
9 months 2.9 3.6 2.4 4.0 3.5 NS 
12 months 3.1 3.4 5.6 5.7 4.3 NS 
Cheese flavor 
15 days 6.7 4.8 6.0 5.6 5.5 NS 
I month 5.9bc 7.7a 5.5c 6.4abc 7.0ab 1.4 
4 months 6.0 4.9 4.4 3.8 4.7 NS 
7 months 5.9 6.1 5.8 5.3 4.8 NS 
9 months 5.4bc 4.4c 7.2a 4.8bc 5.6b 1.2 
12 months 6.5 6.5 5.6 4.0 6.2 NS 
a,b,c Means with the same superscripts are not significantly different. 
1 Least significant difference values were calculated when F was larger than F0.05 
(P <0.05). 
2 Taste panel scores were set from 1 to 10. For oxidized flavor, the higher score indicated 
a stronger flavor. For cheese flavor, the higher score indicated a better quality. 
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TABLE 2. Iron bioavailability determined by hemoglobin regeneration efficiency in rats 1 
FeCl3 Fe -casein FIP-WP Fe-WP FeS04 
Iron fortified cheese 
Rats' iron status D n D D 
Rats' growing stage G G G G 
Iron intake 2.05 1.98 2.00 2.09 
Repletion period 10 10 10 10 
HRE 75 66 74 67 
Iron fortification source 
Rats' iron status D D D D D 
Rats' growing stage G G G G G 
Iron intake 2.30 2.05 2.15 2.33 2.22 
Repletion period 10 10 10 10 10 
HRE 85 71 73 72 85 
------- ---------- -------------- --------------------------- -
Rats' iron status N N N N N 
Rats' growing stage A A A A A 
Iron intake 15.31 14.33 15.07 15.11 15.37 
Repletion period 10 10 10 10 10 
HRE 5 8 6 7 5 
Iron intake 21.04 21.00 20.55 20.96 21.11 
Repletion period 14 14 14 14 14 
HRE 4 4 3 3 5 
1 Abbreviations: D=iron-deficient; G=growing; N=normal; A=adult; HRE= hemoglobin 
regeneration efficiency. 
Project Title: 
Personnel: 
Funding Sources: 
Objectives: 
Iron Fortification of Cheese Curd 
Arthur W. Mahoney, Dept. of Nutrition and Food Sciences, 
Utah State University 
Dejia Zhang, Nutrition and Food Sciences, Utah State 
University 
Western Dairy Food Research Center 
Utah Agriculture Experiment Station 
1. To evaluate effects of 12 months aging on quality of iron fortified cheeses 
prepared in the last few months of the current project. 
2. To determine the iron binding characteristics of iron-casein, ferripolyphosphate 
whey protein (FIP-WP) and Fe-whey protein (Fe-WP) complexes prepared with 
different iron concentrations. 
3. To determine the effects of iron fortification with 'optimized' iron-protein 
complexes on cheese quality. 
4. To determine the effects of iron fortification on the quality of process cheddar 
cheese. 
5. To determine the bioavailability of iron in the 'optimized' iron-protein 
complexes as well as cheese fortified with them. 
Results: 
To objective 4 
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Iron Fortification of Process Cheddar Cheese (Manuscript submitted to J . Dairy Sci .) 
Four batches of iron-fortified process Cheddar cheese were prepared using different 
iron sources, viz., Fe-casein. Fe-whey protein and FeCI3 for fortication. All process 
Cheddar cheeses fortified with iron in this study had their iron level increased to about 
40 mg/kg (Tables 2-5). One hundred percent of fortified iron was kept in the cheese 
which is an advantage compared to fortification of milk for making natural Cheddar 
cheese . Moisture and fat contents in all cheeses were within the standards for process 
cheese, except the cheeses in batch 4 which had slightly lower fat contents (Tables 2-
5) . Formulation and composition of process Cheddar cheese is given in Table 1. 
Oxidized off-flavor was not increased in the fortified process cheeses as 
compared with the control unfortified cheese (P>.05) (Tables 2-5). Also, cheese flavor 
of the fortified process cheese was similar (p>.05) to the control cheese. TBA scores of 
all cheeses were low during all time periods (1 0 - 90 d) determined. When the values 
of the batches were pooled together, average TBA scores were .07, .11 , .11, and .1 0 for 
control, Fe-casein, Fe-WP and FeC(J fortified cheeses, respectively. The differences in 
average TBA scores among the groups were marginally significant (P=.049) with the 
ontrol cheese having a slightly lower TBA score than Fe-casein and Fe-WP cheeses 
LSD=.032}. TBA scores of the cheeses did not increase with the time of storage. The 
pen taste panel of 94 volunteer lay subjects did not detect significant differences in 
exture and flavor among the iron fortified and control cheeses (P>.05) (Table 6) . This 
s consistent with the evaluations of expert taste panelists (Table 5) for this batch of 
heeses. 
In this study, several factors were varied among the different batches of process 
heese, but none of them affected the quality of fortified vs. unfortified control cheese. 
First, the source of cheese and the proportion of aged cheese in the formulations were 
aried. The cheeses used in batch 4 were from a different source than the other three 
batches and the proportion of young, medium and aged cheese in batch 4 also 
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iffered. Second , 10% less cream and about twice as much whey powder was used in 
atch 4 as compared with the other three batches. Third, salt was reduced to 2/3 in 
batches 2 and 3, and to about 1/2 in batch 4 as compared with batch 1. Fourth, taco 
sauce was not included in the batches 2, 3, and 4. All these changes were based upon 
he flavor preference, the standards for process cheese and consideration of 
etermining more variables such as the cheese source, proportion of various aged 
cheese and addition of taco source. However, by analysis of variance , the effect of iron 
fortification on the cheese quality was not statistically significant among these batches 
of process cheese. Therefore , it appears that iron fortification of process cheese is very 
flexible to variations in formulation and cheese sources. 
The TBA and taste panel scores of the process cheese fortified with FeCI3 were 
similar to those of the cheese fortified with Fe-casein or Fe-WP, indicating that pre-
binding of iron to proteins is not necessary. Iron from ferric salts and small molecular 
complexes, such as FeCI3 and Fe3+.fructose , readily binds to proteins forming iron-
protein complexes . 
Iron fortification did not affect the quality of Cheddar cheese in our previous 
study and of process cheese in this study although some differences exist between 
these two cheeses. For Cheddar cheese, milk coagulation is involved, heating is at low 
temperature, pH is low, and microbial organisms from the starter culture are still 
growing during the aging period. In contrast, for process cheese, a relatively high 
temperature is applied, pH is high, and other ingredients are added to the cheese. 
However, they both have high protein contents which may act as a chelator of iron. 
This may be the main reason that low lipid peroxidation was observed in both kinds of 
iron fortified cheeses. Another reason for low lipid peroxidation may be the saturation 
of the fat. Milk fat contains mostly saturated fatty acids, 30% of the fatty acids are 
unsaturated of wh ich about 3% are polyunsaturated. Also , for lipid peroxidation to 
occur, both Fe2+ and Fe3+ are required with maximal rates of lipid peroxidation at the 
ratio of Fe2+ to Fe3+ being approximately one . However, it is unlikely that iron bound to 
milk protein is free to change its oxidation state at the pH of cheese. Therefore, the 
conditions are favorable for iron fortification of cheese products. 
Impact of Research: 
Iron deficiency anemia is still a. major world wide nutritional problem. It is hard to 
increase dietary iron intake because dairy products , the major sources of calcium 
which compose a large portion of diets, contain no iron. The people who consume high 
iron density diets (9 or more mg Fe/1 OOOkcal) consume the least dairy products while 
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those with lower iron density diets consume more dairy products. Iron fortified dairy 
products could be promoted for increasing the iron density of the low-iron diets as well 
as calcium and vitamin D contents thereby addressing two major nutritional concerns of 
women and children: i.e., iron defici"ency (women, children under age 2 and elderly 
men) and osteoporosis (middle-aged women, growing children and elderly men). 
About two billion pounds of process cheese and cheese foods are produced each 
year in the U.S.. Young children and teenagers enjoy process cheese, making iron 
fortified process cheese more meaningful to target this population in prevention of iron 
deficiency. Using the iron fortification level of 40 mg/kg cheese, and if all process 
cheese and cheese foods were fortified with iron, it would provide 36 billion mg more 
dietary iron to U.S. consumers each year. Overall, an average of .5 mg extra dietary 
iron per person per day would be provided from process cheese . Fortified process 
cheese would be expected to contribute relatively more benefit to children and 
teenagers who are at risk of iron deficiency, because they eat more process cheese 
than other segments of the populations. Iron fortification of process cheese improves 
this product nutritionally from almost no iron to an iron-rich food, 11 mg/1 000 kcal. 
Publications: 
Zhang, D. & A.W. Mahoney. 1989. Effect of iron fortification on quality of Cheddar 
cheese. J. Dairy Sci. 72:322. 
Zhang, D. & A.W. Mahoney. 1989. Bioavailability of iron-milk-protein complexes and 
fortified Cheddar cheese. J. Dairy Sci. 72 :2845. 
Zhang, D and A.W. Mahoney. 1990. Effect of iron fortification on quality of Cheddar 
cheese. II. Effects of aging and fluorescent light on pilot scale cheeses. J. Dairy 
Sci. In press. 
Zhang,D. & A. W. Mahoney. 1990. Iron Fortification of Process Cheddar Cheese. 
Submitted to J. Dairy Sci. 
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TABLE 1. Formulation of process Cheddar cheese (g) 
Ingredients Batch 1 Batches 2 & 3 Batch 4 
Cheddar 1273 1273 1272 
Young (40%) 508 508 424 
Medium (40%) 508 508 424 
Aged (40%) 257 257 424 
80% cream 218 218 200 
Water 164 175 200 
Whey powder 73 73 140 
Sodium citrate 36 36 36 
DSP1 18 18 18 
NaCI 18 12 10 
Sorbate 2.3 2.3 2.3 
Taco sauce 18 
TOTAL 1820.3 1807.3 1878.3 
1 DSP stands for disodium phosphate. 
66 
TABLE 2. Iron contents and qualities of iron fortified process cheddar 
cheese , batch 1 
Process cheese Control Fe-casein Fe-WP FeCI3 LSD, 
a=.05 
Iron content. mglkg 5 45 47 50 
Moisture,% 38.4 38.5 39.0 39.2 
Fat,% 34.2 34.3 32.7 32.7 
TBA number 
10 d .05 .14 .09 .07 
30 d .06 .12 .20 .18 
90d .05 .12 .09 .11 
Taste panel score1 
Oxidized off-flavor 
10 d (7)2 2.3 2.1 2.2 2.4 NS 
30 d (8) 2.4 2.0 2.1 2.6 NS 
90 d (10) 2.9 3.3 2.8 3.4 NS 
Cheese flavor 
10 d (7) 7.0 6.6 6.1 6.7 NS 
30 d (8) 5.6 5.8 5.9 5.5 NS 
90 d (10) 5.7 5.8 6.0 5.6 NS 
1 Taste panel scores were set from 1 to 10. For oxidized flavor, the higher score 
indicated a stronger flavor. For cheese flavor, the higher score indicated a 
better quality. 
2 The value in the parenthesis is the number of the panelists. 
:rABLE 3. Iron contents and qualities of iron fortified process cheddar 
cheese , batch 2 
Process cheese Control Fe-casein Fe-WP FeCI3 
LSD, a=.05 
Iron content, mg!kg 4 35 40 44 
Moisture,% 38.1 36.5 38.6 38.0 
Fat,% 34.4 34.6 34.3 33.8 
:rBA number 
10 d .07 .16 .12 .12 
30 d .14 .14 .16 .12 
90 d .06 .08 .09 .06 
:raste panel score1 
Oxidized off-flavor 
10 d (8)2 2.0 2.4 2.4 2.1 NS 
30 d (8) 2.4 2.2 2.3 2.5 NS 
90 d (8) 1.6 1.8 1.8 1.8 NS 
Cheese flavor 
10 d (8) 6.4 6.0 6.2 6.4 NS 
30 d (8) 6.6 6.7 6.7 7.0 NS 
90 d (8) 5.8 6.1 6.6 6.2 NS 
1 :raste panel scores were set from 1 to 10. For oxidized flavor, the higher score 
indicated a stronger flavor. For cheese flavor, the higher score indicated a 
better quality. 
2 :rhe value in the parenthesis is the number of the panelists. 
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ABLE 4. Iron contents and qualities of iron fortified process cheddar 
heese, batch 3 
Process cheese Control Fe-casein Fe-WP FeCI3 
LSD, a=.05 
Iron content, mg/kg 2 41 39 39 
Moisture,% 37.3 37.2 37.2 37.3 
Fat,% 32.2 33.6 33.6 34.6 
BA number 
10 d .05 .07 .06 .11 
30 d .09 .10 .09 .09 
90d .08 .10 .12 .08 
Taste panel score1 
Oxidized off-flavor 
10 d (8)2 2.8 2.4 3.0 3.1 NS 
30 d (9) 2.3 2.1 1.9 1.9 NS 
90 d (8) 2.1 2.6 2.2 1.9 NS 
Cheese flavor 
10 d (8) 7.2 7.1 6.6 6.4 NS 
30 d (9) 6.4 7.0 6.1 6.8 NS 
90 d (8) 6.5 5.9 5.5 6.6 NS 
1 Taste panel scores were set from 1 to 10. For oxidized flavor, the higher score 
indicated a stronger flavor. For cheese flavor, the higher score indicated a 
better quality. 
2 The value in the parenthesis is the number of the panelists. 
iT ABLE 5. Iron contents and qualities of iron fortified process cheddar 
cheese , batch 4 
Process cheese Control Fe-casein Fe-WP FeCI3 
LSD, a=.05 
Iron content , mg/kg 2 43 45 42 
Moisture,% 38.5 38.6 39.3 39.6 
Fat,% 29.5 29.6 30.0 29.4 
iTBA number 
15d .08 .09 .08 .06 
90 d .05 .08 .07 .06 
:Taste panel score 1 
Oxidized off-flavor 
15 d (9)2 2.4 2.5 2.5 1.8 NS 
90 d (8) 3.2 3.3 2.9 3.4 NS 
Cheese flavor 
15 d (9) 6.4 5.6 6.0 5.9 NS 
90 d (8) 5.8 6.1 6.2 6.7 NS 
1 :Taste panel scores were set from 1 to 10. For oxidized flavor, the higher score 
indicated a stronger flavor. For cheese flavor, the higher score indicated a 
better quality. 
2 :The value in the parenthesis is the number of the panelists. 
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ABLE 6. Open taste panel scores for iron-fortified cheese1, batch 4 
Control Fe-casein Fe-WP FeCI3 LSD2 
Texture 6.3 6.1 5 .9 6.0 NS 
Flavor 6.2 6.0 5.6 6.0 NS 
Overall 6.1 5.9 5.7 6.0 NS 
1 Taste panel scores were hedonic scores set from 1 to 10 for which 1 was 
"dislike extremely" and 10 was "like extremely." Each value is a mean of 94 
volunteer lay subjects. 
2 LSD means least significant difference values which would be calculated when F was 
larger than F 05 (P <.05) . NS means not statistically significant (P>.05). 
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Project Title: 
Application of Fourier Transform Infrared Technology to Milk and Dairy Products 
Personnel: 
Rodney J. Brown, Professor, Nutrition and Food Sciences, Utah State University; 
Ivan Mendenhall, Senior Research Technician, Nutrition and Food Sciences, Utah 
State University 
Funding Sources: 
Western Dairy Foods Research Center; Utah Agricultural Experiment Station 
Objectives: 
This project has a long series of specific objectives that lead to the ability to 
rapidly measure fat, protein, lactose, moisture, and fat saturation level in milk and 
dairy products. These specific objectives must be accomplished in a logical order: 
I . Find a set of wavelengths in the infrared spectrum that respond to changes in 
fat concentration. 
2. Find a set of wavelengths in the infrared spectrum that respond to changes in 
protein concentration. 
3. Find a set of wavelengths in the infrared spectrum that respond to changes in 
lactose concentration . 
4. Find a set of wavelengths in the infrared spectrum that do not respond to 
changes in saturation level and chain length of fatty acids. 
5. Find a set of wavelengths in the infrared spectrum that do not respond to 
changes in free fatty acid levels 
6. Combine these (1 -5) to make a robust set of wavelengths common to all 
constraints. 
7. From the total infrared spectrum of milk, determine the individual spectra of: 
o Milk fat 
0 Milk protein 
o Milk lactose 
8. Find a set of wavelengths common to milk fat, milk protein, and milk 
lactose. 
9. Find a set of wavelengths common to the milk components (8) and to the 
robust set (6). 
10. Statistically calibrate for testing samples of unknown composition using only 
this set of wavelengths (9) and milk samples chemically tested for fat, 
protein, lactose, and moisture. (Less than 1600 cm-1 wavenumber should 
be used if possible.) 
11. Establish sample preparation procedures and calibrate to test dairy products 
other than milk. 
12. Calibrate, using wavenumbers greater than 2700 cm-1, to determine 
saturation level of the fat in dairy products (especially cheese). 
Results: 
The total infrared spectrum of milk has been divided into the individual spectra of 
fat, protein, and lactose. These three separate spectra were found by recording the 
spectra of whole milk, skim milk and a lactose solution with the same lactose 
concentration as the milk. The fat spectra was found by subtracting the skim milk 
spectra from the milk spectra, the protein spectra by subtracting the lactose solution 
spectra from the skim milk spectrum, and the lactose spectrum was measured directly. 
One additional spectrum, that of the milk salts, will be found by subtracting the fat, 
protein and lactose spectra from the milk spectrum. 
Sets of wavelengths in the infrared range that respond to changes in fat, protein 
and lactose concentrations have been found. We are now looking for sets of 
wavelengths that do not respond to changes in saturation level or chain lengths of fatty 
acids. These will be statistically analyzed to see which wavelengths are least affected 
by variations in saturation level and chain length. A set of wavelengths that do not 
respond to changes in free fatty acid levels will next be found. Results of the 
Rohst Sul>-sot o[ 
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experiments to this point will be combined into a set of wavelengths that respond to 
changes in fat, protein, and lactose but are not affected by type of fatty acid or degree 
of lipolysis. 
Milk samples chemically tested for fat, protein, lactose, and moisture have been 
used to make preliminary statistical calibrations for testing samples of unknown 
composition. The mathematical procedures work. When the experiments described 
above are completed, calibration will be done using only wavelengths meeting the 
requirements they impose. 
A series of procedures will be developed for preparation of dairy product samples 
to be tested. Concentrations of components will be near the ideal range for testing. 
Solvents will be selected for their ability to solubilize the products and absence of 
absorbance by the solvents at the wavelengths used. The first dairy food to be 
considered will be cheese. The next likely product for analysis will be butter-
margarine blends. 
Impact of Research: 
This project will provide an improved method for measuring fat, protein, lactose 
and water content in dairy products. Most methods that have been adapted from 
laboratory configurations to industrial applications are based on very simple, usually 
old, technology (Brown, 1986). This is true of instruments used for testing milk and 
dairy products. The instruments we use in dairy testing were state of the art 
instruments thirty years ago (Hirschfield, et al., 1984). A fast method for detecting 
non-dairy ingredients, particularly fat, in products labeled or sold as dairy products is 
needed. Adulterated products sold as dairy products replace real dairy products. 
For many years fixed filter spectroscopy has been the most common method for 
measuring fat, protein and lactose in milk (Goulden, 1956, 1961, 1964). 
Improvements over the years have not overcome the limitations imposed by the small 
number of ftlter bands available in such instruments (Grappin, 1984; Sjaunja and 
Anderson, 1985). Nor have they overcome interference by changing levels of 
saturation in milk fat from one sample to the next or the effects of lipolysis on milk fat 
(Brown, 1986). 
Fourier Transform Infrared (FTIR) has many advantages over fixed filter 
methods. Fixed filter instruments are limited to a few (usually not more than four) 
pairs of filters. These must be rotated into the light path for measureme'lts to be made. 
With FTIR, measurements at hundreds of different wavelengths could be made almost 
instantaneously. FTIR measurements are very narrow bands of the spectrum instead 
of the broad bands of filter measurements. With additional wavelengths available, 
measurements can be made more accurately. The large number of measurements 
possible in a short time allows much more powerful data processing methods to be 
used. Any number or combination of readings can be used to measure any 
component. Handling of this large amount of data is no longer a problem with 
computers built into all new instruments. An FTIR instrument can consider variables 
such as saturation level of the fat, lipolysis of fat, etc. so they do not interfere with 
accurate measurements. Calibration of the instruments will be less frequent. 
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Project Title: Application of Fourier Transform Infrared 
Technology to Infrared Technology to Milk 
and Dairy Products 
Personnel: Rodney J Brown, Professor, Nutrition and Food 
Sciences, Utah State University 
Ivan Mendenhall, Senior Research Technician, 
Nutrition and Food Sciences, Utah State University. 
Funding Sources: Western Dairy Foods Research Center 
Utah Agricultural Experiment Station 
Objectives: 
This project has a long series of specific objectives that lead to the 
ability to rapidly measure fat , protein , lactose, moisture, and fat saturation 
level in milk and dairy products. These specific objectives must be 
accomplished in a logical order: 
1. Find a set of wavelengths in the infrared spectrum that 
respond to changes in fat concentration . 
2. Find a set of wavelengths in the infrared spectrum that 
respond to changes in protein concentration . 
3. Find a set of wavelengths in the infrared spectrum that 
respond to changes in lactose concentration . 
4. Find a set of wavelengths in the infrared spectrum that do not 
respond to changes in saturation level and chain length of 
fatty acids. 
5. Find a set of wavelengths in the infrared spectrum that do not 
respond to changes in free fatty acid levels. 
6. Combine these (1-5) to make a robust set of wavelengths 
common to all constraints. 
7. From the total infrared spectrum of milk, determine the 
individual spectra of: 
0 Milk fat 
0 Milk protein 
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Results: 
0 Milk lactose 
8. Find a set of wavelengths common to milk fat, milk protein, 
and milk lactose. 
9. Find a set of wavelengths common to the milk components 
(8) and to the robust set (6). 
1 0. Statistically calibrate for testing samples of unknown 
composition using only this set of wavelengths (9) and milk 
samples chemically tested for fat, protein, lactose, and 
moisture. (Less than 1600 cm-1 wavenumber should be 
used if possible.) 
11 . Establish sample preparation procedures and calibrate to test 
dairy products other than milk. 
12. Calibrate , using wavenumbers greater than 2700 cm-1 , to 
determine saturation level of the fat in dairy products 
(especially cheese) . 
Infrared analysis of milk, developed in the 1960's, has played a key role 
in the technological development of the dairy industry. Dairy product 
manufacturers can obtain "real time" results on the fat, protein, and lactose 
levels in milk. This allows them to comply with standards of identity, maximize 
yields, and achieve desirable characteristics in the end product. The ability to 
economically and regularly monitor the levels of fat, protein , and sol ids in 
individual cow milk, allows milk producers to adjust feeding practices and 
breeding programs for optimal yield and quality. 
Every instrumental method, however, has inherent limitations. The 
effects of fatty acid composition and lipolysis on infrared fat protein and lactose 
readings has been a source of concern and has been well documented in the 
literature. The objective of our research was to find wavelengths in the mid-
infrared spectrum that respond to changes in fat, protein, and lactose 
concentration and yet have a low response to fatty acid variation and changes 
caused by lipolysis. A Fourier transform spectrometer provided us with high 
signal to noise ratio , highly reproducible, digitized spectra and computer 
capabilities needed for multivariate quantitative analysis. 
To identify wavelengths which respond to changes in fat concentration, 
we prepared a series of milk samples where the fat level varied and all other 
components were held constant. The correlation coefficient for absorbance and 
fat concentration was calculated at each wavelength . A similar experiment was 
performed to determine wavelengths that linearly respond to changes in protein 
concentration . To determine wavelengths that linearly respond to changes in 
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lactose concentration , a series of lactose solutions were prepared there the 
lactose concentration varied from 1 to 5.5%. 
Spectra of C18:0, C18 :1, C18:2, and C18:3 fatty acids were measured. 
The standard deviation of absorbance at each wavelength was calculated. 
From this we can get a good idea of which wavelengths are most affected by 
changes in saturation of milk fat. Most obvious is the high variability at the fat 8 
(3.4 ll) and lactose (9.6 ll) wavelengths. Spectra of C1 0:0, C12:0, C14:0, C16:0, 
and C18:0 fatty acids were measured. The standard deviation of absorbance at 
each wavelength was calculated. From this we can get a good idea of which 
wavelengths are most affected by changes in the chain-length of milk fat. Most 
obvious is the high variability at the fat A wavelength (5.75 ll) and lactose (9.6 Ill 
wavelengths. The effects of lipolysis on the spectrum were studied by adding 
lipase enzyme to 2% milk in the sample cell and collecting a spectrum every 
minute for one hour. A standard deviation was calculated at each wavelength . 
The most obvious variability occurs at the fat 8 (3.4 ll) and protein (6.5 ll) 
wavelengths. 
We then selected wavelengths which were responsive to fat, protein, and 
lactose concentrations, and relatively unaffected by saturation , chain-length , 
and lipolysis. Nine calibration standards (each composed of milk from a 
separate herd) were purchased from a laboratory in southern California and the 
FTIR was calibrated using these standards and Partial Least Squares (PLS) 
statistics. The concentration of fat, protein, and lactose in these samples was 
then predicted using the generated calibration equations. The standard 
deviations of difference between chemical and predicted values lie close to the 
AOAC recommended SO of .06%. This data was obtained with no 
homogenization or temperature control. A liquid ATR cell was used and 64 
scans at 4 cm-1 resolution were averaged to obtain each sample spectrum. 
Impact of Research: 
This project will provide an improved method for measuring fat , protein , 
lactose and water content in dairy products. Most methods that have been 
adapted from laboratory configurations to industrial applications are based on 
very simple, usually old , technology (Brown , 1986). This is true of instruments 
used for testing milk and dairy products. The instruments we use in dairy testing 
were state of the art instruments thirty years ago (Hirschfield, et al. , 1984). A fast 
method for detecting non-dairy ingredients, particularly fat, in products labeled 
or sold as dairy products is needed. Adulterated products sold as dairy 
products replace real dairy products. 
For many years fixed filter spectroscopy has been the most common 
method for measuring fat, protein and lactose in milk (Goulden, 1956, 1961 , 
1964). Improvements over the years have not overcome the limitations 
imposed by the small number of filter bands available in such instruments 
(Grappin , 1984; Sjaunja and Anderson, 1985). Nor have they overcome 
interference by changing levels of saturation in milk fat from one sample to the 
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next or the effects of lipolysis on milk fat (Brown , 1986). 
Fourier Transform Infrared (FTIR) has many advantages over fixed filter 
methods. Fixed filter instruments are limited to a few (usually not more than 
four) pairs of filters. These must be rotated into the light path for measurements 
to be made. With FTIR, measurements at hundreds of different wavelengths 
could be made almost instantaneously. FTIR measurements are very narrow 
bands of the spectrum instead of the broad bands of filter measurements. With 
additional wavelengths available, measurements can be made more 
accurately. The large number of measurements possible in a short time allows 
much more powerful data processing methods to be used. Any number or 
combination of readings can be used to measure any component. Handling oi 
this large amount of data is no longer a problem with computers built into all 
new instruments. An FTIR instrument can consider variables such as saturation 
level of the fat, lipolysis of fat, etc. so they do not interfere with accurate 
measurements. Calibration of the instruments will be less frequent. 
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Project Title: Estimation of Individual Milk Proteins and Genetic Variants by 
Multicomponent Analysis of Amino Acid Profiles 
Personnel: Rodney J. Brown. Professor, Nutrition and Food Sciences, Utah State 
University 
Marie Walsh, Graduate Student, Nutrition and Food Sciences, Utah State 
University 
Susan Collinge, Research Associate, Nutrition and Food Sciences, Utah State 
University 
Carol Hollar, Graduate Student, Nutrition and Food Sciences, Utah State 
University 
Funding Sources: Western Dairy Foods Research Center 
Utah Agricultural Experiment Station 
USDA-ARS National Needs Graduate Fellowslrip Program 
Objectives: 
The goal is to determine proportions of specific milk proteins , groups of proteins (such as whey 
protein or casein), and genetic variants of proteins in milk and other dairy products from 
information contained in a single amino acid analysis of the sample. The overall objective will be 
met by completing the following specific objectives: 
1. Determine concentrations of groups of proteins in milk such as caseins or whey protein using 
amino acid analysis. 
2. Determine concentrations of specific milk proteins: aS!, aS2, B, and K-Caseins, a-lactalbumin, 
B-lactoglobulin, and bovine serum albumin using amino acid analysis. 
3. Separate genetic variants of specific milk proteins, and use amino acid analysis to quantify 
individual variants in a protein mixrure. 
4. Use techniques developed in 1-3 to analyze milk and other dairy products. 
5. Determine mathematical procedures to obtain the most accurate and reproducible methods for 
estimating milk protein concentrations. 
Results: 
The basis of this method is the knowledge that each class of milk protein has a different amino 
acid composition. Five pure milk proteins were prepared and analyzed by amino acid analysis. 
They were a-, ~-. and K-casein, ~-lactoglobulin and a-lactalbumin. Five different mixrures with 
varying ratios of these five proteins were made and analyzed for amino acid composition. 
Concentrations of individual proteins in each of these mixtures were estimated (y{ alsh and 
Brown, 1988a, 1988b ). 
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Milk samples that have been characterized for specific milk proteins and genetic variants have 
been obtained from Dr. Juan Medrano at Universtiy of California, Davis (Medrano and Sharrow, 
1989). Information obtained from atnino acid analysis of these proteins will be used to determine 
proportions of specific proteins and genetic variants. Individual proteins will be quantified and 
compared with estimates from atnino acid analysis. 
Impact of Research: 
The overall goal of our dairy products research program is to develop new dairy products by 
using new manufacturing processes. To do this, we must be able to measure the individual 
components in milk wit.IJ.out separating them from milk. Methods available tO determine casein 
and whey protein concentrations in milk require precipitation of casein followed by protein 
measurement of both precipitate and whey. Measurement of specific milk proteins, including 
genetic variants, calls for further separation by quantitative electrophoresis and protein 
determination of each fraction (Basch et al. 1985). These procedures are time consuming, 
expensive and susceptible to errors. 
The goal of this project is to determine proportions of specific milk proteins (down to the level of 
specific genetic variants) or groups of proteins in milk and other dairy products from the 
information contained in a single atnino acid analysis of a sample. Relative proportions of milk 
proteins found in traditional dairy products are subject to change as ultrafiltration and other new 
processes are used in their manufacture. To use these emerging manufacturing processes to 
produce entirely new products without the information that will be made available when this 
project is completed is nearly impossible. Many areas of research will also be facilitated by the 
results of this research. We will be able to follow milk protein composition through lactation 
periods of individual cows (or other species), correlate content of each of the milk proteins with 
coagulation properties during cheese making, make artificial infant formula that more closely 
matches mothers' milk, etc. 
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Project Title: Estimation of Individual Milk Proteins and 
Genetic Variants by Multicomponent Analysis 
of Amino Acid Profiles 
Personnel: Rodney J Brown, Professor, Nutrition and Food 
Sciences, Utah State University 
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University 
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Objectives: 
The goal is to determine proportions of specific milk proteins, 
groups of proteins (such as whey protein or casein), and genetic variants 
of proteins in milk and other dairy products from information contained in 
a single amino acid analysis of the sample. The overall objective will be 
met by completing the following specific objectives: 
1. Determine concentrations of groups of proteins in milk such 
as caseins or whey protein using amino acid analysis. 
2. Determine concentrations of specific milk proteins: a51, a52, 
13, and K-caseins, a-lactalbumin, 13-lactoglobulin, bovine 
serum albumin using amino acid analysis. 
3 Separate genetic variants of specific milk proteins , and use 
amino acid analysis to quantify individual variants in a protein 
mixture. 
4. Use techniques developed in 1-3 to analyze milk and other 
dairy products. 
5. Determine mathematical procedures to obtain the most 
accurate and reproducible methods for estimating milk 
protein concentrations. 
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Results: 
Lyophilized milk samples of known genetic variant composition were 
obtained from Dr. Juan Medrano at the University of California, Davis. Samples 
were originally typed by the procedure of Medrano and Scharrow. They were 
later retyped using the procedure of Van Eenennaam and Medrano and several 
of the K:-casein variant designations were changed. 
Samples for amino acid analysis were hydrolyzed in 6 N HCI for 20 h at 
11 ooc in nitrogen flushed vacuum sealed ampules. Samples were run on a 
Beckman 6300 Amino Acid Analyzer. Stepwise regression was performed 
using SAS. 
The procedure of Strange et al. with modifications was used to analyze 
samples by RP-HPLC on a Bechman HPLC System (420 Controller, Model 
11 OA pumps, 340 Organizer, 164 Variable Wavelength Detector and 427 
Integrator). Casein was dissolved in a 30% acetonitrile, .1% TFA, 4.5 M urea. 1 
111 13-mercaptoethanol/ml was also added to the sample solution. Bechman C3 
and C8, 7.5 em ultrapore columns were linked. A linear gradient from 30 to 50 
percent acetonitrile containing .1% Trifluoroacetic acid was used to separate 
casein fractions. 
The polyacrylamide gel electrophoresis procedure used was obtained 
from the lab of Dr. Juan Medrano. Samples were dissolved 1 mg I 100 1-J.I 6.6 M 
urea, 20 1-J.I .1% BPB and 20 1-J.I 13-mercaptoethanol. Gels were scanned on an 
Instrument Specialties Company (ISCO) Gel Scanner Model 1312, (ISCO 
Model UA-5 Absorbance/Fluorescence Monitor) and Hewlett Packard 3390A 
Integrator. 
Stepwise regression was used to predict whether a given variant was 
present in 0, 1 or both alleles based on normalized amino acid concentrations. 
An R2 of .83 was obtained using 12 amino acids for predicting the presence of 
K:-casein A or 8 as shown here. Amino acid analysis was not as good at 
predicting the 13-casein variants present. The R2 values obtained reflect , in 
part, the use of casein genetic variant mixtures being used to predict whether 
no, one or both alleles contained a given casein variant. In addition, Van 
Eenennaam and Medrano dealing with K:·cas suggest that the two alleles of 
each casein may not be expressed equally. One allele may dominate which 
could also influence the ability of amino acid analysis to identify the presence 
and degree to which a variant is present. 
The RP-HPLC procedure used may work to identify and quantify some of 
the casein genetic variants with further refinements. Previous amino acid 
analysis research has shown it can be used to predict the percentage of the 
various caseins present in a mixture. We did have limited success in predicting 
the K-casein variant present and to a lesser extent the 13-casein variants. 
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Impact of Research: 
The overall goal of our dairy products research program is to develop 
new dairy products by using new manufacturing processes. To do this. we must 
be able to measure the individual components in milk without separating them 
from milk. Methods available to determine casein and whey protein 
concentrations in milk require precipitation of casein followed by protein 
measurement of both precipitate and whey. Measurement of specific milk 
proteins, including genetic variants, calls for further separation by quantitative 
electrophoresis and protein determination of each fraction (Basch et al. 1985). 
These procedures are time consuming, expensive and susceptible to errors. 
The goal of th is project is to determine proportions of specific milk 
proteins (down to the level of specific genetic variants) or groups of proteins in 
milk and other dairy products from the information contained in a single amino 
acid analysis of a sample. Relative proportions of milk proteins found in 
traditional dairy products are subject to change as ultrafiltration and other new 
processes are used in their manufacture. To use these emerging 
manufacturing processes to produce entirely new products without the 
information that will be made available when this project is completed is nearly 
impossible. Many areas of research will also be facilitated by the results of this 
research . We will be able to follow milk protein composition through lactation 
periods of individual cows (or other species). correlate content of each of the 
milk proteins with coagulation properties during cheese making, make artificial 
infant formula that more closely matches mothers' milk, etc. 
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Project Title: 
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Objectives: 
Estimation of Individual Milk Proteins and Genetic 
Variants by Mlltlcomponent Analysis of Amino Acid 
Profiles 
Rodney J . Brown, Dept. of Nutrition and Food Sciences, 
Utah State University 
Carol H Hollar. Dept. of Nutrition and Food Sciences, Utah 
State University 
Western Dairy Foods Research Center 
1. Determine concentrations of groups of proteins in milk such as caseins or whey 
protein using amino acid analysis. 
2. Determine concentrations of specific milk proteins ; as1, as2, p, and K-caseins , 
a-lactalbumin, P-lactoglobulin , bovine serum albumin using amino acid analysis . 
3. Separate genetic variants of specific milk proteins , and use amino acid analysis 
to quantify individual variants in a protein mixture. 
4. Use techniques developed in 1-3 analyze milk and other dairy products. 
5. Determine mathematical procedures to obtain the most accurate and 
reproducible methods for estimating milk protein concentrations. 
Results: 
In the past year, whole casein was separated into p-casein , K-casein , as1-casein and 
as2-casein fractions using cation-exchange fast protein liquid chromatography. The 
y-caseins and several unidentified peaks were also separated. A urea-acetate buffer at 
pH !land a NaCI gradient from 0 to .26 M was used to separate the casein fractions. 
Several y-caseins and unidentified fractions eluted first, followed by three P-casein 
peaks, several y-casein and unidentified peaks, K-casein, as1-casein and as2-casein . 
Some y-caseins eluted with f)-casein. The four major caseins, which accounted for over 
90% of the whole casein fractions, were accounted for with this method and the 
calculated compositions correlated well with values obtained using anion-exchange fast 
protein liquid chromatography at pH 7. b-casein genetic variants A 1, A2 and B were 
separated using cation-exchange fast protein liquid chromatography. P-casein from a 
herd bulk casein sample eluted as a series of three peaks. Caseio samples from 
individual cows contaming known combinations of p-casein A 1, A2 and B were used to 
confirm that the three peaks were p-casein genetic variants. An acid-PAGE gel 
confirmed the identity of the peaks that eluted from the column. 
Impact of Research: 
The goal of this project is to determine proportions of specific milk proteins (down to the 
level of specific genetic variants) or groups of proteins in milk and other dairy products 
from the information contained in a single amino acid analysis of a sample. Relative 
proportions of milk proteins found in traditional dairy products are subject to change as 
ultrafiltration and other new processes ar used in their manufacture. To use these 
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emerging manufacturing processes to produce entirely new products without the 
information that will be made available when this project is completed is nearly 
impossible. Many areas of research will also be facilitated by the results of this 
research. We will be able to follow milk protein composition through lactation periods of 
individual cows (or other species) , correlate content of each of the milk proteins with 
coagu lation properties during cheese making , make artificial infant formula that more 
closely matches mothers' milk, etc. 
Publications: 
Hollar, C. H., R.J. Brown and J. F. Medrano. 1990. Quantification of casein genetic 
variants by RP-HPLC, PAGE, and amino acid analysis. 85th American Dairy Science 
Association Meeting J. Dairy Sci. 73 :Supp. 1, 80 . 
Hollar, C. M., A. J. R. Law, D. G. Dalgleish , and R. J. Brown, 1991 , Separation and 
quantification of major casein fractions using cation-exchange fast protein liquid 
chromatography. J. Dairy Sci. 74(8) :2403-2409. 
Hollar, C. M., A. J . R. Law, D. G. Dalgleish, and R. J. Brown , 1991 , Separation of major 
casein fractions using cation-exchange fast protein liquid chromatography. 86th 
American Dairy Science Association Meeting J. Dairy Sci . 74 :Supp. 1, 91 . 
Hollar, C. M., A. J. R. Law, D. G. Dalgleish , J. F. Medrano, and R. J . Brown , 1991 , 
Separation of ~-casein A 1, A2 and B using cation-exchange fast protein liquid 
chromatography. 86th American Dairy Science Association Meeting J. Dairy Sci. 
74:Supp. 1, 103. 
Hollar, C. M., A. J. R. Law, D. G. Dalgleish, J. F. Medrano, and R. J. Brown, 1991 , 
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protei n liquid chromatography. J. Dairy Sci. 74(9) :0000-0000. In Press. 
Hollar, C. M., A. J. R. Law, D. G. Dalgleish , and R. J. Brown, 1991 , Separation and 
quantification of K-casein variants using cation-exchange fast protein liquid 
chromatography. J . Dairy Sci. In Preparation . 
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Project Title: Evaluation of Iron-Protein Complexes in Iron-Fortified Dairy 
Products 
Personnel: Arthur W. Mahoney, Professor, Department of Nutrition and Food Sciences, 
Utah State University 
Mohan I. Reddy, Research Associate, Depanment of Nutrition and Food 
Sciences, Utah State University 
Funding Sources: 'vVestem Dairy Foods Research Center 
Utah Agricultural Experiment Station 
Objectives: 
1. To determine the nature of the basic interaction of individual milk proteins, viz., aSI-casein, 
casein, K-casein, B-lactoglobulin, a-lactalbumin and bovine serum albumen with ferrous 
sulfate ions, in simple buffer systems such as phosphate buffer at pH 6.6. Isolated proteins 
will be interacted with ferrous ions at ph 6.6 (pH of milk) and room temperature (25°C) to 
determine the kinetics of interaction, the rate of complex formation and the optimum 
iron/protein ratios for stable complex formation using equilibrium dialysis. 
2 . To srudy the effect of pH, temperature and ionic strength on the iron-protein complex 
formation for determining the optimum conditions for binding and stable iron-protein complex 
formation. 
3 . To determine the effect of iron binding on self-association of individual proteins and/or 
protein cross-binding. This will be of interest if whey proteins (B-Lg & a-La) are cross-linked 
to caseins via chelation in terms of cheese yield. 
4 . To characterize the iron-protein complexes in Jennes-Koops buffer (32) (simulate milk salt 
buffer) using individual proteins as well as casein micelles and determine their stability. Also, 
the effect of iron binding on calcium (II) content of casein micelles will be srudied. 
5. To srudy the effect of iron binding to K-casein and casein micelles on the rennin hydrolysis of 
the phe-met bond of K-casein and subsequent coagulation of casein micelles. 
6. To test the iron-protein complex formation in milk systems. Required amount of ferrous or 
ferric iron will be added to the milk system under controlled conditions and the complex 
formation will be allowed to occur. (This milk will be used for making yogurt and cheese.) 
The individual iron-protein complexes will be isolated from milk using ultracentrifugation and 
ion-exchange chromatography and characterized. 
7. To determine the catalytic potency of iron-protein complexes on oxidative damage to model 
lipids and to lipids in milk, yogurt and cheese systems. 
Results: 
This project was funded 6 October 1988, but Dr. Mohan I. Reddy was not available until! July 
1989. Therefore, research on this project is just being initiated. 
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Impact of Research: 
Iron deficiency continues to be a major nutritional problem because of inadequate iron intakes. 
Dairy products contain practically no iron. Furthermore, people who generally have high iron 
diets consume relatively small amounts of dairy products while people who consume larger 
amounts of dairy products have relatively low iron intakes. Iron fortification would increase the 
iron intakes of people who consume large amounts of dairy products, and it would allow people 
who are concerned with their iron nutriture to consume larger amounts of dairy products to 
achieve greater dietary calcium intakes. Thus, dairy products would be even more healthful in the 
diet if iron-fortified. 
This research will provide basic information on the mechanisnts of iron binding in dairy products, 
information essential to industrializing the technology of fortifying dairy products with iron. 
Work on this project was initiated 1 July 1989. We are now setting up the laboratory for dialysis 
experiments, developing dialysis methodologies, and ;mrifying proteins to be used in the iron-
binding studies, work necessary for completing the first year's objectives. 
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Project Title: 
Personnel : 
Funding Sources: 
Objectives: 
Evaluation of Iron-Protein Complexes in Iron-
Fortified Dairy Products 
Arthur W. Mahoney, Professor, Dept. of Nutrition and Food 
Sciences, Utah State University 
Mohan I Reddy, Research Associate, Nutrition and Food 
Sciences, Utah State University. 
Western Dairy Food Research Center 
Utah Agriculture Experiment Station 
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1. To determine the nature of the basic interaction of individual milk proteins, viz., 
as1-Casein , B-Casein, K-Casein, B-Lactoglobulin, a-Lactalbumin and bovine 
serum albumin with ferrous/ferric iron in simple buffer systems such as Tris-
HCI/phosphate buffer at pH 6.60. Isolated proteins will be interacted with 
ferrous/ferric iron at pH 6.60 (pH of milk) and room temperature (-25° C) to 
determine the kinetics of interaction, the rate of complex formation 
and the optimum iron/protein ratios for complex formation using equilibrium 
dialysis/diafiltration technique. 
2. To study the effect of pH, temperature and ionic strength on the iron-protein 
complex formation for determining the optimum conditions for binding and stable 
complex formation . 
3. To determine the effect of iron binding on self-association of individual proteins 
and/or protein cross binding. This will be of interest if whey proteins (B-Lg & a-La) 
are cross linked to caseins via chelation , in terms of cheese yield . This will be 
followed by gel filtration on H.P.L.C. and gel electrophoresis. 
4. To characterize the iron-protein complexes in Jenness-Koops buffer (simulated 
milk salt buffer) using individual proteins as well as casein micelles and determine 
their stability. Also , the effect of iron binding on the calcium (II) content of casein 
micelles will be studied. 
5. To study the effect of iron binding to K-Casein and casein micelles on the rennin 
hydrolysis of the phe-met bond of K-Casein and subsequent coagulation of casein 
micelles. 
6. To test the iron-protein complex formation in milk systems. Required amount of 
ferric/ferrous iron will be added to the milk system under controlled conditions and 
the complex formation will be allowed to occur. (This milk will be used for making 
yoghurt and cheese.) . The individual iron-protein complexes will be isolated from 
milk using ultracentrifugation and ion-exchange chromatography (as described 
under the methods) and characterize them. 
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7. To determine the catalytic potency iron-protein complexes on oxidative damage to 
model lipids and to lipids in milk, yoghurt and cheese systems. 
Results: 
Due to a number of problems unique to iron chemistry, the work on binding of 
iron to milk proteins did not progress as rapidly as expected. However, we have now 
developed the necessary methods and standardized conditions for testing iron binding 
to mi lk proteins in this laboratory. Therefore, we are poised to make excellent progress 
toward understanding iron chemistry of fortified cheese and other milk products. 
Individual caseins, purified by mass-ion exchange chromatography on OAE-
Sephadex, were used for binding studies. Initial iron-binding experiments using 
equilibrium dialysis indicated that this method was not suitable due to the protracted 
dialysis times (24 to 48h ) common to this technique , which resulted in oxidation of iron 
salts leading to precipitation. Alternate methods such as gel filtration and diafiltration 
were tried and the latter method was found to be satisfactory owing to the shorter time 
duration (4 to 5h )required to complete a binding experiment. A schematic of the system 
used for diafiltration-binding studies is shown in Fig 1 and details of the diafiltration 
method are given in APPENDIX-I. Of the various ultrafiltration membranes screened for 
their suitability based on protein rejection and iron adsorption characteristics, PM-10 
membrane was found to be ideal for these studies. 
Using the diafiltration method, various iron salts were screened for their 
suitability in iron-protein binding experiments . Ferrous sulfate was not suitable due to 
rapid oxidation of the iron to the ferric state and precipitation. Ferric chloride underwent 
hydroxylation at pH 6.60 leading to the formation of insoluble Fe(OH)3 polymers which 
did not pass through the ultrafiltration membrane. Ferric citrate also polymerized at pH 
6.60 and was retained by the membrane. Ferric nitrilotriacetic acid, Fe(III)NTA, 
prepared by adding solid ferric nitrate to a solution of sodium NTA (molar ration of 
Fe:NTA of 1 :2) was found suitable for iron binding studies. Fe(III)NTA did not form 
polymers at pH 6.60 and freely passed through the PM-1 0 ultrafiltration membrane. 
Binding of Fe (Ill) to as1-Casein: 
Studies on binding of Fe(lll) to a5 ,-Casein by diafiltration method using 
Fe(III)NTA in PIPES (Piperzine-N, N'-bis[2-ethanesulfonic acid]) buffer containing 0.1 M 
NaCI, pH 6.60 are in progress. A protein concentration of 5 mg/ml (0.22 mM) 3.nd an 
iron to protein molar ratios of 4.5 are being used in these studies. Binding curve 
showing the molar binding ratio (r, moles of Fe (Ill) per mole of protein) vs free Fe (Ill) 
concentration (At) is given in Fig 2. Corresponding Scatchard plot is shown in Fig 3. 
The data indicate that a5 ,-Casein has two groups of non-indentical binding sites, with 
n,=3 and n2=11 . Binding experiments at pH 5.50 resulted in precipitation of protein in 
diafiltration cell. Further studies on the effect of ionic strength , pH, and temperature 
are in progress. 
Impact of Research : 
Iron deficiency continues to be a major nutritional problem because of 
inadequate iron intakes. Dairy products contain practically no iron. Furthermore, 
people who generally have high-iron diets consume relatively small amounts of dairy 
products while people who consume larger amounts of dairy products have relatively 
low iron intakes. Iron fortification would increase the iron intakes of people who 
consume large amounts of dairy products, and it would allow people who are 
concerned with their iron nutritute to consume larger amounts of dairy products to 
achieve greater dietary calcium intakes. Thus, dairy products would be even more 
healthful in the diet if iron-fortified. 
This research wili provide basic information on the mechanisms of iron binding 
in dairy products, information essential to industrializing the technology of fortifying 
dairy products with iron . 
APPENDIX I 
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Diafiltration method. Diafiltration system consists of a pressure source (nitrogen 
gas cylinder). a reservoir, a selector valve , a stirred cell assembly and a fraction 
collector. The standard cell assembly has a pressure inlet valve , a pressure relief valve , 
a membrane, and a filtrate outlet. The cell is placed on a magnetic stirrer. After proper 
assembly of the cell, the protein solution is poured into the cell, the lid is clamped on 
and the tubing from the selector valve is connected. The magnetic stirrer speed is 
adjusted to be vigorous enough to minimize concentration polarization of retained 
macromolecules. 
In a typical experiment the protein solution (8.0 ml) is placed in the stirred cell 
and the Fe(lll) NTA solution in the reservoir. By sliding the "gas" knob on the selector 
valve to allow the gas to first flow through the reservoir and then into the cel l causes the 
so lution in the cell and reservoir to become equally pressurized. By next sliding the 
"liquid" knob on the selector valve, the solution in the reservoir starts flowing from the 
reservoir into the cell. Some of the liquid in the cell permeates through the membrane 
and exits through the outlet tube. A vacuum is created and an equal volume of 
solution comes in from the reservoir into the stirred cell so that the volume of the protein 
solution in the cell remains constant. The permeate from the stirred cell assembly is 
collected in suitable volume fractions using a fraction collector and analyzed for iron 
content. 
Treatment of the binding data : 
Moles of iron in = Moles of iron out in the permeate+ Moles of iron accumulated in cell (1) 
Moles of iron accumulated in the cell = Moles bound to the protein + Moles free iron in cell (2) 
ij Sb moles of iron bound to protein, 
A moles of iron out in the penneate, 
V c volume of protein solution in the stirred cell (liters). 
V p volume of permeate out from stirred cell (liters) , 
v, volume of iron solution fed into the cell from the reservo ir (liters), 
A, concentration of iron in the reservoir (moles/liter) , 
Ap concentration of iron in the penneate (moles/liter) 
ifhen, at any given time 
Moles ot ron n = Vr. A,-
Since Vr = Vp. Therefore 
(3) 
Molesofironin=Vp . Ar (4) 
Since the permeate concentration is the same as the cell concentration in a well -stirred system: 
Moles of free iron in the cell = V c . Ap 
(5) 
Combining Eq. 1-5 : 
Vp-A,-=A+Sb+Vc-Ap (6) 
Sb=Vp . A,- -Vc-Ap-A (7) 
The molar binding ratio (r) could be determined as: 
r=Sb'P (8) 
Where P is the concentration of the protein in moles. 
The data was analyzed by the method of Scatchard, i.e. , by plotting r, the number of moles of 
ligand (iron) bound per mole of protein, against r/[Ap], where [Apl is the free ligand concentration. 
According to Scatchard, 
r{Apl = rK - rK 
where n and K are the total number of binding sites and the intrinsic binding constant, respectively. These 
values will be calculated from the intercept and slope of the plot , respectively. 
90 
91 
2'f> 
12 
10 
7 
r 
= 
CEJ u 9 --------
],( 13 
Fig 1. Shematic of Diafiltration System used for Binding Studies. 
1. nitrogen cylinder; 2. pressure gauge; 3. pressure-relief valve (PRY); 
4. three-way valve; 5. reservoir; 6. PRY; 7. diafiltration cell; 8. stirring 
bar; 9. membrane; 10. PRY; 11. water bath; 12. water bath agitation and 
temperatui·e control; 13. permeate outlet and collection tube; 
14. magnetic stirrer. 
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bjectives: 
EVALUATION OF IRON-PROTEIN COMPLEXES 
IN IRO N-FORTIFIED DAIRY PRODUCTS 
Arthur W. Mahoney, Ph.D., Professor 
Mohan I. Reddy, Ph.D. 
I he objective of this study is to determine the chemistry of iron-protein complexes in milk as related 
cheese making. We determtned the chemical conditions under which maximal iron binding 
curs (the conditions in which the iron is bound most tightly). This information is needed 1) for 
veloping the best processing conditions which will give the highest quality iron-fortified dairy 
oducts and 2) for determinrng the best iron-protein complexes which will give the highest iron 
sorption from the fortified dairy products. 
r==....,"""~-'0"'-'i.w.n..._.=.....,..._ Binding of Fe(III) to individual caseins and whey protein fractions 
as studied. Molar binding ratio ofF e(II!) to proteins increased as the free Fe(Ill) concentration 
pcreased. We found that a 51-. {)-.and K-caseins and BSA have two groups of non-identical 
[lnding sites with differing affinities for binding Fe(III). It appears that the fust set of binding 
tes (n I) are preferentially filled. compared to the second set of binding sites (nz). No 
ecipitation of proteins as a result of Fe(Ill) binding occurred even at saturating concentrations of 
(III). The relative order of binding capacities for Fe(III) to casein and whey fractions was: 
s 1- casem > {). casein > BSA > K-casein > K-casein . 
unher studies on the binding of Fe( III) to as 1-casein as a funct ion of pH and ionic strength 
dicated that these parameters had no influence on the total number of binding sites. although 
nding affiniry of Fe( III) to protein decreased with increase in pH from 5.60 to 7 .80. Thus. from 
e practical point of view. the binding affiniry of Fe(III) increases as the pH of milk is lowered by 
icrobial action during cheese making. Some displacement of protein-bound Ca(Il) by Fe(Ill) 
as observed for as 1 -casein. Dephosphorylation of as (-casein decreased the binding of Fe (Ill) 
protein indicating that phosphoserine groups are involved in the binding. 
jsjble-Qjfference Spectra of FeCilll-?rotejn Complexes· Difference absorption spectra of Fe(ill)-
rotein complexes in the visible region (350 to 650 nm) was carried out to determine the possible 
roups involved in the binding of Fe(II!) to different casein fract ions and whey proteins . 
'egative absorption bands in the 420 nm region were observed for caseins indicating that 
hosphoserine groups and carboxyl groups of aspartic and glutamic acids are possible Fe(III) 
inding sites . The positive absorption band at 470 nm observed in caseins and whey proteins is 
~pica! of the absorption maximum of transferrin-iron complex and possibly due to a chelate site 
pvolving histidine and tyrosine residues. Thus, phosphoserines and carboxyl groups of aspartic 
tnd glutaric acids seem to play a major role in the binding of Fe(lm by caseins. 
v· n n i : Conformational 
hanges in proteins, especially changes in the envirorunent of aromatic side chains within proteins 
• ue to binding Fe(II! ) were monitored by following UV -difference spectra and fluorescence 
,mission The UV -difference spectrum of as t-casein induced by Fe( III) had absorption bands at ! 10 nm indicating the possible involvement of tryptophan residues in charge-transfer rype complex 
ormation with Fe (lll). Addition of Fe(!! I) to caseins and BSA caused a decrease in fluorescence 
ntensity together with a red shift of the emission maximum. Iron addition to {)-lactoglobulin 
:a used a decrease in emission intensity without affecting emission the maximum. Studies on the 
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fluorescence emission spectra of CJ.s ]-casein as a function of Fe( !II) concentration indicated 
progressive quenching together with a red shift of the emission max imum. This indicates that the 
binding of Fe(III) to proteins induced conformational changes resulting in the exposure of t}TOSine 
and tryptophan residues to polar environment. However, not all the fluorophores (tryptophans ) 
are uniformly quenched. All of the fluorophores are exposed to polar environment as a resu lt of 
binding of Fe(!II) to CJ.s )-casein. Since conformational changes in general affect functional 
properties of proteins. it was of interest to see if binding of Fe(!II) affects Ca([l ) sensitivity of 
Cl.s ]-casein; addition of Fe(lii ) to CJ.s ]-casein increased the Ca(!I) sensitivity of the protein. 
Effect of Fe CI!Il on the Rennetina ..Qf...Milk Since binding of Fe(III) induced conformational 
changes in milk proteins, it was of practical interest to see if addition of Fe(III) to milk during 
cheese making would affect renneting properties. Therefore, FeCl3 was added to cold milk before 
pasteurization and to pasteurized milk (as in case of regular cheese making process) and chymosin 
hydrolysis and rennet clotting time were evaluated. We use approximately .20 mM FeCl3 in 
making iron-fortified Cheddar cheese. Iron at this concentration had no effect on the chymosin 
hydrolysis of either milks. However, iron decreased the rennet clotting time of both whole and 
skim milk when added before pasteurization and increased the rennet clotting time when it was 
added to pasteurized skim milk. Iron barely affected the rennet clotting time of whole pasteurized 
milk. Thus, iron at the concentrations normally employed in making iron-fortified cheddar cheese, 
i.e., 0.2 mM, did not affect renneting properties of milk, and hence can be added to cheese milk. 
It was also observed that iron binding to casein micelles slightly decreased the calcium content of 
micelles, but it would not affect the calcium nutrition of cheese. 
Significance to the Dairy Industry 
Iron fortification would increase the iron intakes of people who consume large amounts of dairy 
products, and it would allow people concerned with their nutriture to consume larger amounts of 
dairy products to achieve greater calcium intakes. Thus, dairy products would be even more 
healthful in the diet if iron-fortified. This research provides basic information on the mechanisms 
of iron binding in dairy products, information essential to industrializing the technology of 
fortifying dairy products with iron. 
Additional Findin~s· UV -difference spectral and fluorescence spectral studies indicate that binding 
of Fe(III) to proteins induces conformational changes leading to the exposure of tryptophan and 
possibly tyrosine residues to polar environment. This is an interesting phenomenon because 
binding of Ca2+ to as]- , and 13-caseins induces self aggregation leading to precipitation at high 
Ca2+ concentrations whereas binding of Fe(Ill) to caseins does not result in precipitation. Further, 
binding of iron increased the Ca(ll) sensitivity of as]-casein. Change in conformation of caseins 
may have some implications in the functional properties of some cheeses such as mozzarella. 
Hence this issue needs to be addressed. 
Publications: 
1. Reddy, M.I. and Mahoney, A.W. Effect of iron on chymosin hydrolysis and rennet cloning 
time of milk. Submitted to J. Dairy Sci.(1991). 
2. Reddy , M.I. and Mahoney, A.W. Effect of iron on physico-chemical properties of casein 
micelles. In Preparation. 
3. Reddy, M.I. and Mahoney, A.W. Preliminary studies on the binding of Fe(Ill) to bovine 
milk proteins. In Preparation. 
4. Reddy: ·M.I. and Mahoney, A.W. Binding of Fe(III) to bovine as]- casein. In Preparation. 
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5. Reddy , M.I. and Mahoney, A.W. A study of the interaction of Fe( III) with bovine a s !-
casein as studied using ultraviolet and fluorescence spectroscopy. In Preparation. 
Theses/Dissenations: 1\il. 
Abstracts: 
1. Reddy, M.I. and Mahoney, A.W. Effect of iron on the renneting of milk. Accepted for 
presentation at ' 86th ADSA Annual Meeting' to be held at Utah State University, Logan, 
August 12-15, 1991. 
2. Reddy, M.l. and Mahoney, A.W. Binding of Fe(I!I) to bovine as1·casein. Accepted for 
presentation at ' 86th ADSA Annual Meeting ' to be held at Utah State University, Logan, 
August 12-15, 1991. 
3. Reddy, M.l. and Mahoney, A. W. A study of the interaction of Fe(Ill) with bovine a s! -
casein using ultraviolet and fluorescence spectroscopy. Accepted for pre sentation at the 
86th ADSA Annual Meeting ' to be held at Utah State University, Logan, August 12-15, 1991. 
4. Reddy, M.I. and Mahoney, A.W. Characterization of Fe(Ill)-milk protein complexes. 
Presented at The 23rd International Dairy Congress, Monrreal , Canada, October 7-12, 1990. 
Patents : Nil. 
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Project Title: Characterization of the Post-absorptive Behavior of P· 
lactoglobulin for Control of Spore and Microbial Adhesion to 
Dairy Product Processing and Packaging Surfaces. 
Personnel: Joseph McGuire (PI), Assistant Professor, Agricultural Engineering and 
Food Science & Technology, Oregon State University 
Kamal Al-malah, Graduate Research Assistant, Chemical Engineering, 
Oregon State University 
Sidney Kinley. Graduate Research Assistant, Food Science & 
Technology, Oregon State University 
Viwat Krisdhasima, Graduate Research Assistant, Chemical Engineering, 
Oregon State University 
Euisang Lee, Graduate Research Assistant, Chemical Engineering, Oregon 
State University 
Ja-Kael Luey, Graduate Research Assistant, Chemical Engineering, 
Oregon State University 
Raben D. Sproull, Assistant Professor, Chemical Engineering, Oregon 
State University 
Prasen Suttiprasit, Graduate Research Assistant, Food Science & 
Technology, Oregon State University 
Kenneth R SwanzeL Associate Professor, Food Science, Nonh Carolina 
State University 
Funding Sources: Western Dairy Foods Research Center 
Objectives: 
Oregon Agricultural Experiment Station 
Oregon Agricultural Research Foundation 
AIChE Research Institute for Food Engineering 
National Science Foundation 
The project objectives, as originally stated are as follows. 
1 . to develop the mathematics required for a theoretically sound analysis of contact angle data for 
solid surface energy determination; 
2. to use contact angle methods to evaluate the dispersive and polar components of solid surface 
energy for various materials; 
3. use dynamic ellipsometry to continously measure the changing thickness and refractive index 
of films adsorbed from an aqueous solution of B-lactoglobulin onto the characterized 
surfaces; 
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4. mathematically relate the conformational changes to time and solid surface energy; 
5. combine B-lactoglobulin adsorption equilibrium data with the ellipsometric results to 
determine the unique protein conformation or range of conformations which bring about 
permanent adhesion of macromolecules, whole cells and spores; and 
6. demonstrate the validity of predictive models. 
Results: 
Project objectives 1 and 2 have been completed. We developed a methodology which requires 
only a simple contact angle goniometer equipped with an environmental chamber, and a series of 
aqueous ethanol solutions as diagnostic liquids. Several dairy contact materials were acquired and 
machined to a form suitable for study. The materials include many types of polymers, such as 
different polyethylenes, polypropylene, nylon, teflon, acetal, and others, along with stainless 
steel and glass. 
The surface characterization methodology was recently published in detail; it can be briefly 
outlined as follows. Each surface under analysis is kept water-saturated to assure both 
equilibrium between the drop and the surface and the validity of the mathematics applied to the 
system. Diagnostic liquids are characterized with respect to their polar and dispersive components 
of surface tension, and the dispersive component of surface energy for each of the contact 
materials is evaluated. Using contact angle data recorded for each material, the polar component 
of the work of adhesion for each drop is evaluated and plotted against the polar component of the 
corresponding diagnostic liquid. A straight line always results; the slope of the line and its 
intercept are recorded, along with the work of adhesion between the solid surface and water, as 
evaluated using the straight line equation. These parameters, unique for each material, are 
mathematically combined with the previously determined dispersive component of solid surface 
energy and a composite surface energy is thereby constructed. Surface energetic parameters used 
to construct the composite surface energy provide sensitive indices of surface hydrophilicity and 
hydrophobicity, as well as material cleanliness. 
This protocol for determination of contact surface properties will be used for the remaining phase 
of the project, which focuses on ellipsometry to monitor the influence of surface properties on the 
post-adsorptive behavior of B-lactoglobulin. Toward this end, cells which allow the continuous 
in situ observation of surface-induced protein conformational changes have been designed and 
constructed, and experiments are in progress. Also, funding has been received from other sources 
to study the surface equilibrium behavior of, B-lactoglobulin and the surface chemical nature of 
protein binding topics not covered under these Dairy Center project objectives, but essential to 
their successful completion. 
This project is proceeding as scheduled and should be completed ir. December 1990 as originally 
planned. It represents a necessary and logical first step toward control of bioflim formation. In 
future work we intend to more directly address the protein-microbe interactions that occur during 
biofllm development, with continued concern for surface-protein interactions. 
Impact of Research: 
It is the purpose of this research to quantify the post-adsorptive behavior of, B-lactoglobulin on 
several materials as a function of time and contact surface properties. An understanding of this 
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relationship should provide direction for the control of surface phenomena including biofilm 
development and associated bacterial colonization. 
The danger associated with consuming foods contaminated by some microbial species is well-
documented, and dairy foods have received wide attention as sources for such contamination in 
the food supply. Colonization and growth of microorganisms on dairy processing surfaces 
naturally presents a serious impediment to consistently providing wholesome, high quality milk 
products. In 1986 the FDA established the Dairy Safety Initiative Program to monitor commercial 
dairy products for Listeria. In its first year the surveillance project detected the organism in 2-3% 
of processed dairy products inspected, resulting in more than 40 product recalls. It is estimated 
that contaminated dairy products that could not be sold cost the dairy industry $72 million in 
1987. 
Control of this problem seems best attained by focusing attention on the early events which occur 
at the interface and lead to biofilm formation. Support for this approach stems from the fact that 
microbial adhesion is suggested to be dependent upon the presence and conformational state of a 
pre-adsorbed, proteinaceous conditioning film on the contact surface. The conformational state of 
this pre-adsorbed film is dependent upon measurable properties of the original contact surface. 
Adsorbed protein which adopts a conformation approxirnaring its native state is suspected to 
render a surface less susceptible to further film formation and microbial adhesion, whereas 
surface protein in a sufficiently denatured state invites further biofilm formation. A quantitative 
understanding of contact material surface properties and their relationship to the initial surface-
protein and subsequent protein-microbe interactions associated with biofilm development will 
provide powerful direction for control of biofilm formation. 
It seems clear that milk consumption cannot be enhanced if product quality and safety are not 
maintained. Moreover, product quality and safety are inseparable; quality can be assured only 
with active concern for safety of the food through the entire period associated with its production, 
processing, packaging and storage. Adverse publicity stemming from a listeriosis outbreak, for 
example, or even a single confirmed case, would likely generate a consumer reaction that is both 
negative and serious. Controlling the presence of undesired microorganisms in milk will 
undoubtedly serve to enhance its quality and safety. In the long run, an enhanced consumer 
confidence in dairy products will increase their utilization, serving to not only enhance sales of 
these products, but also to facilitate delivery of the highest quality product for a greater period of 
time. Indeed, delivery of the maximum product performance attainable as the sell-by-date is 
reached and surpassed is not possible without an understanding of the influence of contact surface 
properties on the interactions which bring about a deterioration in product quality. Finally, 
know ledge recently gained in this project with respect to interfacial chemistry should prove useful 
in selecting appropriate surface sterilizing systems, and should increase options available to dairy 
manufacrurers by providing the information on which to base decisions for alternative packaging 
materials and sterilization strategies. 
Publications (sponsored directly by the Dairy Center from 1 July 88 to 30 June 89): 
Refereed Journal Articles 
McGuire, J . and S.A. Kinley. Surface Characterization for Prediction of Food Particle Behavior 
at Interfaces: Theoretical Considerations and Limitations. Journal of Food Engineering. 8(4): 
273. 1988. 
McGuire, J. and S.A. Kinley. On Surface Characterization of Materials Targeted for Food 
Contact. Journal of Food Science. 54(1): 224. 1989. 
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Kirtley, S.A. and J. McGuire. On Differences in Surface Constitution of Dairy Product Contact 
Materials. J. Dairy Sci. 72: 1748. 1989. 
McGuire, J. Temperature Influences on Food Contact Surface Energetics. In Engineering and 
Food, W.E.L. Spiess and H. Schubert (eds.), Elsevier Applied Science, New York and London. 
In press. 198 9. 
Lee, E. Temperature Effects on Surface Energetic Parameters Evaluated at Solid-Liquid 
Interfaces. M.S. Thesis, Oregon State University, Corvallis. 1989. 
Proceedings and Svmposia 
McGuire, J. and S.A. Kirtley. Surface Cha.\·acterization of Materials Targeted for Food Contact. 
Paper no. 43c, AlChE Summer National Meeting, Denver, CO. 1988. 
McGuire, J. Temperature Influences on Food Contact Surface Energetics. In Proceedings 5th 
International Congress on Engineering and Food, Cologne, Federal Republic of Germany. 
Elsevier Applied Science, New York and London, in press. 19?.9. 
Kirtley, S.A. and J. McGuire. Exploitation of Differences in Surface Constitution of Food 
Contact Materials. Paper no. 217, IFf Annual Meeting, Chicago, II.... 1989. 
Krisdhasirna, V., E. Lee, R.D. Sproull and J. McGuire. Temperature Influences on Food 
Contact Surface Properties. Paper no. 218, IFf Annual Meeting, Chicago, II.... 1989. 
Krisdhasirna, V., R.D. Sproull and J. McGuire. Application of Ellipsometry to the Study of 
Food Protein Behavior at Interfaces. Paper no. 702, IFf Annual Meeting, Chicago, II.... 1989. 
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Project Title: 
Personnel: 
Funding Sources: 
Objectives: 
Characterization of the Post-adsorptive 
Behavior of ~-lactoglobulin for Control of Spore 
and Microbial Adhesion to Dairy Product 
Processing and Packaging Surfaces 
Joseph McGuire (PI), Assistant Professor, Agricultural 
Engineering and Food Science & Technology, OSU 
Viwat Krisdhasima, Graduate Research Assistant, 
Chemical Engineering, OSU 
other: 
Kamal Al-malah , Graduate Research Assistant, 
Chemical Engineering, OSU 
Sidney A. Kirtley . Graduate Research Assistant. Food 
Science & Technology , OSU 
Ja-Kael Luey, Graduate Research Assistant, Chemical 
Engineering, OSU 
Robert D. Sproull, Assistant Professor, Chemical 
Engineering, OSU 
Prasert Suttiprasjt, Graduate Research Assistant, Food 
Science & Technology , OSU 
Kenneth R. Swartzel , Professor, Food Science, NCSU 
Jjanguo Yang, Graduate Research Assistant, Food 
Science & Technology, OSU 
Western Dairy Foods Research Center; Oregon 
Agricultural Experiment Station ; Oregon Agricultural 
Research Foundation ; AIChE Research 
Institute for Food Engineering; National Science 
Foundation 
The project objectives, as originally stated are as follows. 
1. to develop the mathematics required for a theoretically sound analysis of 
contact angle data for solid surface energy determination ; 
2. to use contact angle methods to evaluate the dispersive and polar components 
of solid surface energy for various materials. 
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3. use dynamic ellipsometry to continuously measure the changing thickness and 
refractive index of films adsorbed from an aqueous solution of ~-lactoglobulin 
onto the characterized surfaces; 
4. mathematically relate the conformational changes to time and solid surface 
energy; 
5. combine f3-lactoglobulin adsorption equilibrium data with the ellipsometric 
results to determine the unique protein conformation or range of conformations 
which bring about permanent adhesion of macromolecules, whole cells and 
spores; and 
6. demonstrate the validity of predictive models. 
Results: 
Project objectives 1 and 2 were completed, and their results were reported last 
year. We have used these methods to evaluate surface energetic parameters 
related to surface hydrophilicity and hydrophobicity. The remaining phase of the 
project focuses on ellipsometry to monitor the influence of these surface properties 
on the post-adsorptive behavior of f3-lactoglobulin . Toward this end, cuvettes that 
allow the continuous in situ observation of surface-induced protein conformational 
changes were designed and constructed; experiments are still in progress. In 
parallel, funding received from other sources to study the surface equilibrium 
behavior of f3-lactoglobulin and the surface chemical nature of protein binding -
topics essential to successful completion of the present project objectives (see 
Objective 5) - has been used to construct ~-lactoglobulin adsorption isotherms 
surfaces have been modified to be hydrophilic by a series of oxidizing washings , 
and hydrophobic by surface methylation with dichlorodimethylsilane. We have 
successfully varied the degree of methylation on these surfaces to create a series 
of surfaces exhibiting varying hydrophobicities. ~-lactoglobulin adsorption 
isotherms have been constructed on each of these surfaces as well ; these will 
serve to assist interpretation of the equilibrium behavior observed on the metal, 
glass and polymer surfaces identified earlier. The influence of pH, ionic strength, 
and temperature on ~-lactoglobulin adsorption equilibrium behavior has also been 
investigated. The most pertinent results of these investigations can be summarized 
as follows. In general, the amount of protein adsorbed at a surface was observed to 
increase with increasing surface hydrophobicity at all combinations of pH and ionic 
strength investigated. Moreover, these tests indicated that nonelectrostatic 
interactions between the surface and protein dominate the adsorption process at 
hydrophobic surfaces, while electrostatic interactions dominate the process at 
hydrophilic surfaces. As originally hypothesized, it appears that a surface-induced 
conformational change takes place upon adsorption, affecting the resultant 
adsorbed mass and film tenacity. The major unanswered question at this point is 
whether this change takes place in a single step immediately upon adsorption or 
whether some continuous change takes place after adsorption. The duration of the 
project is directed at resolving this question. 
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Impact of Research: 
It is the purpose of this research to quantify the post-adsorptive behavior of p-
lactoglobulin on several materials as a function of time and contact surface 
properties. An understanding of this relationship should provide direction for the 
control of surface phenomena including bacterial biofilm development. 
The danger associated with consuming foods contaminated by some microbial 
species is well-documented, and dairy foods have received wide attention as 
sources for such contamination in the food supply. Colonization and growth of 
microorganisms on dairy processing surfaces naturally presents a serious 
impediment to consistently providing wholesome, high quality milk products. 
Control of this problem seems best attained by focusing attention on the early 
events that occur at the interface and lead to biofilm formation. Support for this 
approach stems from the fact that microbial adhesion is suggested to be dependent 
upon the presence and conformational state of a pre-adsorbed, proteinaceous 
conditioning film on the contact surface. The conformational state of this pre-
adsorbed film is dependent upon measurable properties of the original contact 
surface. Adsorbed protein that adopts a conformation approximating its native state 
is suspected to render a surface less susceptible to further film formation and 
microbial adhesion, whereas surface protein in a sufficiently denatured state invites 
further biofilm formation. A quantitative understanding of contact material surface 
properties and their relationship to the initial surface-protein and subsequent 
protein-microbe interactions associated with biofilm development will provide 
powerful direction for control of biofilm formation . 
It seems clear that milk consumption cannot be enhanced if product quality and 
safety are not maintained. Moreover, product quality and safety are inseparable; 
quality can be assured only with active concern for safety of the food through the 
entire period associated with its production, processing, packaging and storage. 
Adverse publicity stemming from a listeriosis outbreak, for example - or even a 
single confirmed case - would likely generate a consumer reaction that is both 
negative and serious. Controlling the presence of undesired microorganisms in 
milk will undoubtedly serve to enhance its quality and safety. In the long run, an 
enhanced consumer confidence in dairy products will increase their utilization. 
Finally, knowledge recently gained in this project with respect to interfacial 
chemistry should prove useful in selecting appropriate surface sterilizing systems, 
and should increase options available to dairy manufacturers by providing the 
information on which to base decisions for alternative packaging materials and 
sterilization strategies. 
Publications: 
McGuire, J . and S.A. Kirtley. Surface Characterization for Prediction of Food 
Particle Behavior at Interfaces: Theoretical Considerations and Limitations. 
Journal of Food Engineering. 8: 273-286. 1988. 
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McGuire, J . A Predictive Model for Food Particle Interactions with Contact Surfaces. 
Journal of Food Science. 54: 22-24 ,29. 1989. 
McGuire, J. and S.A. Kirtley. On Surface Characterization of Materials Targeted for 
Food Contact. Journal of Food Science. 54: 224-226. 1989. 
McGuire, J. Elucidation of the Surface Influence on Irreversible Protein Adsorption. 
Biofouling. 1: 263-267. 1989. 
McGuire , J. and K.R. Swartzel. The Influence of Solid Surface Energetics on 
Macromolecular Adsorption from Milk. Journal of Food Processing and 
Preservation. 13: 145-160. 1989. 
Kirtley, S.A. and J . McGuire. On Differences in Surface Constitution of Dairy 
Product Contact Materials. Journal of Dairy Science. 72:1748-1753. 1989. 
Lee, E. Temperature Effects on Surface Energetic Parameters Evaluated at Solid-
Liquid Interfaces. M.S. Thesis, Oregon State University. 1 04 pages. 1989. 
Luey, J. The Effect of pH and ionic Strength on the Adsorption of {3-lactoglobulin 
onto Well-Characterized Silicon. M.S. Thesis, Oregon State University. 53 
pages. 1990. 
McGuire, J. Temperature Influences on Food Contact Surface Energetics. In 
Engineering and Food, W.E.L. Spiess and H. Schubert (eds.), Elsevier Appl ied 
Science, New York and London. In press. 
McGuire, J. and A.D. Sproull. Temperature Effects on Food Contact Surface 
Properties. Journal of Food Science. In press. 
McGuire, J . On Evaluation of the Polar Contribution to Contact Material Surface 
Energy. Journal of Food Engineering. In press. 
McGuire, J., K. Al-malah, F.W. Bodyfelt and M.J. Gamroth. Application of 
Ellipsometry to Evaluation of Cleaning Effectiveness. Journal of Food Science. 
In press. 
McGuire, J., E. Lee and A.D. Sproull. Temperature Influences on Surface Energetic 
Parameters Evaluated at Solid-Liquid Interfaces. Surface and Interface 
Analysis. In press. 
Abstracts: 
McGuire, J . A Predictive Model for Food Particle Interactions with Contact Surfaces. 
Paper no. 80, 1FT Annual Meeting, New Orleans, LA. 1988. 
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McGuire, J . and S.A. Kirtley. Surface Characterization of Materials Targeted for 
Food Contact. Paper no. 43c, AIChE Summer National Meeting, Denver, 
co. 1988. 
Krisdhasima, V., P. Suttiprasit, K. Al-malah, J . McGuire and R.D. Sproull. Post-
adsorptive Behavior of ~-lactoglobulin . 78th Annual ODI Conference , Eugene, 
OR. 1989. 
McGuire, J . Temperature Influences on Food Contact Surface Energetics. Paper 
no. 22.20, 5th International Congress on Engineering and Food, Cologne, 
Federal Republic of Germany. 1989. 
Kirtley, S.A. and J. McGuire. Exploitation of Differences in Surface Constitution of 
Food Contact Materials. Paper no. 217, 1FT Annual Meeting, Chicago, IL. 1989. 
Krisdhasima, V., E. Lee, R.D. Sproull and J . McGuire. Temperature Influences on 
Food Contact Surface Properties. Paper no. 218, 1FT Annual Meeting, Chicago, 
IL. 1989. 
Krisdhasima, V., R.D. Sproull and J . McGuire. Application of Ellipsometry to the 
Study of Food Protein Behavior at Interfaces. Paper no. 702, 1FT Annual 
Meeting, Chicago, IL. 1989. 
Krisdhasima, V., P. Suttiprasit, J. McGuire and R.D. Sproull . Post-adsorptive 
Behavior of ~-lactoglobulin. 79th Annual ODI Conference, Eugene, OR. 1990. 
Suttiprasit, P. and J . McGuire. Relative Interfacial Behavior of Milk Proteins at 
Hydrophobic and Hydrophilic Surfaces. Paper no. 37, 1FT Annual Meeting, 
Anaheim, CA. 1990. 
Al-malah, K. and J . McGuire. Application of Ellipsometry to the Characterization of 
Milk Soils on Fouled and Cleaned Surfaces. Paper no. 39, 1FT Annual 
Meeting, Anaheim, CA. 1990. 
Yang, J., J . McGuire and E.R. Kolbe . Use of the Equilibrium Contact Angle as an 
Index of Contact Surface Cleanliness. Paper no. 154, 1FT Annual Meeting, 
Anaheim, CA. 1990. 
Al-malah, K., J. Luey, J . McGuire and R.D. Sproull. ~-lactoglobulin Adsorption 
Equilibrium at Solid Surfaces, to be presented at the AIChE Summer National 
Meeting, San Diego, CA. 1990. 
Krisdhasima, V., J. McGuire and R.D. Sproull. Surface-Induced Conformational 
Changes Experienced by ~-lactoglobulin at Hydrophilic and Hydrophobic 
Surfaces, to be presented at the AIChE Summer National Meeting , San Diego, 
CA. 1990. 
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ang, D.O., E.R. Kolbe, J . McGuire and A.D. Sproull. Kinetic Analysis of Freeze 
Denaturation of Pacific Red Rockfish Myofibrillar Protein Using DSC, to be 
presented at the AIChE Summer National Meeting, San Diego, CA. 1990. 
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Project Title 
Personnel: 
Funding: 
Objectives: 
Characterization of the post-adsorptive behavior o! 
!)-lactoglobulin for control of spore and microbial adhesion 
to dairy product processing and packaging surfaces 
Joseph McGuire, Bioresource Engineering and Food Science & 
Technology, Oregon State University 
Viwat Krisdhasima, Chemical Engineering and Food Science & 
Technology, Oregon State University 
Western Dairy Foods Research Center, AIChE Research Institute for 
Food Engineering, National Science Foundation, Public Health Service 
Institutional Grant (OSU), Oregon Agricultural Experiment Station 
The project objectives for fiscal year 1991 were to use dynamic ellipsometry to 
continously measure the changing thickness and refractive index of ()-lactoglobulin films 
adsorbed from aqueous solution, and to relate changes in surface conformational state to 
time and solid surface properties. 
Results: 
We have used ellipsometry to monitor the influence of contact surface hydrophobicity on 
the post-adsorptive behaVIor of ~-lactoglobulin (~·lg) . Cuvettes that allow the continuous 
in situ observation of surface-induced protein conformational changes were designed and 
constructed for that purpose. Silicon surfaces have been modified to be hydrophilic by a 
series of oxidizing washings, and hydrophobic by surface methylation with 
dichlorodimethylsilane. We have successfully varied the degree of methylation on these 
surfaces to create a series of surfaces exhibiting varying hydrophobicities. 13-lg 
adsorption isotherms have been constructed for each of these surfaces as well. 
In parallel with the Center-sponsored work, funding received from other sources has been 
used to construct !3-lg adsorption isotherms on acrylic, glass, polycarbonate, polyester 
and #304 stainless steel surfaces (AI-Malah et al., 1991 ). The influence of pH and ionic 
strength on !3-lg adsorption equilibrium bas also been investigated (Luey eta!., 1991 ). 
As originally hypothesized, it appears that a surface-induced conformational change 
takes place upon ~lg adsorption. We formulated a simple model for protein adsorption, 
accounting for an mitial reversible step followed by a conformational change generating 
an irreversibly adsorbed species. We derived an expression for adsorbed mass as a 
function of time, protein concentration, and reaction rate constants, then used nonlinear 
regression to fit in situ adsorption kinetic data to our the derived expression. The model 
described adsorption well in all cases with statistical analysis indicating that all 
parameters are significant. As expected, plateau values of adsorbed mass were 
observed to increase with increasmg surface hydrophobicity. This is consistent with the · 
observation that protein adsorption is an entropically driven process, and in agreement 
with our own equilibrium studies. 
Expressions describing the kinetic rate constants that define protein arrival and unfo lding 
support the hypothesis that rates of arrival and unfolding increase with increasing solid 
surface hydrophobicity, while the tendenc.hof adsorbed protein to desorb decreases. 
Impact of Research : 
It was the purpose of this research to quantify the post-adsorptive behavior of 13-lg on 
several materials as a function of time and contact surface properties. This purpose was 
fulfilled. Interpretation of adsorption kinetics with reference to a molecular model was 
shown to yield useful relationships among the rate constants that describe interfacial 
behavior. We are now prepared to seriously address the issue of what protein surface 
activity really has to do with bacterial adhesion. Based on the type of experimentation 
described in a new project proposal to the Center (M.A. Daeschel and J. McGuire, co-Pis), 
knowing the protein content of a fluid product, we should be able to describe surface and 
protein chemical influences on bactenal adhesion in a truly quantitative manner. 
Publications: 
McGuire, J. and R.D. Sproull. Temperature effects on food contact surface properties. J. 
Food Sci. 55: 1199-1200. 1990. 
McGui re, J . On evaluation of the polar contribution to contact material surface energy. J. 
Food Engrg. 12: 239-247. 1990. 
McGuire, J .. E. Lee and A.D. Sproull. Temperature influences on surtace energetic 
parameters evaluated at solid-liquid interiaces. Surf. Interface Anal. 15: 603-608. 
1990. 
Luey, J., J. McGuire and A.D. Sproul l. The effect of pH and NaCI concentration on 
adsorption of [}-lactoglobulin at hydrophilic and hydrophobic silicon surfaces. J. 
Colloid Interface Sci. 143: 489-500. 199 1. 
Al-malah, K. , J . McGuire, V. Krisdhasima, P. Suttiprasit and R. Sproull. Ellipsometric 
evaluation of 13-lactoglobulin adsorption onto low- and high-energy materials. 
Biotechnol. Progr. (submitted). 
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Project Title: Method for Identifying Batch of Origin in Semi-Continuous 
Cheese Making Processes 
Personnel: L. V. Ogden, Associate Professor, Food Science and Nutrition, Brighatn 
Young University 
Mike Dunn, Graduate Assistant, Food Science and Nutrition, Brighatn Young 
University. 
Funding Sources: Western Dairy Foods Research Center, non-dairy board monies 
Brighatn Young University College of Biology and Agriculture 
Depattment of Food Science and Nutrition. 
Objectives: 
This study will lay the ground work for on-line colorimetric batch identification by identification 
of markers that are maximally detectable to a Hunter Labscan II Colorimeter in either the L,a, orb 
dimension while being minimally detectable to consumers. It will establish how much marker will 
be necessary in alternate batches to facilitate confident identification of the "seatn" between 
batches. Variable levels of annatto, and addition of beta carotene, tumeric, and canthaxanthan will 
be investigated as possible markers. Each marker will be evaluated and compared with respect to 
cost, ease of incorporation, level of detectability, test reliability, and possible side effects. 
Results: 
Beta carotene, canthaxanthan (another carotenoid), turmeric, and annatto (at increased levels) 
were the colors selected for use as batch markers in the experimental system. 
The experimental system consisted of three four-gallon vats contained in a heated water bath. 
Thirty pounds of milk was added to each vat. After inoculation with statter, all three vats were 
colored with 1.2 mi. of annatto. Two of the vats received additional coloration with a prepared 
marker solution, one at a lower level, and one at a higher level. Cheddar cheese manufacture was 
continued following a stirred curd make procedure. The result was three batches of cheese 
representing three different marker concentrations, one of which was a 0 level control (1.2 mi. 
annatto only). 
Immediately after removing the cheese from the press, four readings were taken on each of the 
three batches using a Hunter Labscan II colorimeter. Hunter L, a, and b values as well as spectral 
data were collected. By repeating this entire process twice (a total of three times) for each of the 
four markers. A standard curve was plotted for each marker using either the L a, b values or the 
spectral data Ninety-five percent confidence limits were established for each curve. The 
minimum marker concentration needed to obtain a significant colorimeoic difference was 
determined by setting the upper or lower limit of the control (depending on the slope of the line) 
and solving for the actual marker value. The back to back confidence limits combine to keep the 
confidence at 95%. 
By following the preceding approach, minimally detectable marker levels were determined for 
each of the four colors. The next step will be to carry our sensory panels on batches of cheese 
made at these levels to determine what effect marker addition will have on the overall sensory 
properties of the cheese. 
58 
Impact of Research: 
Inability to accurately identify the batch of origin of specific units of cheese for recall or 
downgrading is a problem in plants using cheddaring and/or block forming towers in cheese 
manufacnuing. One plant manager estimated the unnecessary value reduction on his cheese to be 
$250,000 per year assuming that 6.5 million pounds of cheese was unnecessarily downgraded 
and an average reduction in value of $.04 per pound. Ability to identify batch of origin would 
prevent that loss. 
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Project Title: Method for Identifying Batch of Origin in Semi-
Continuous Cheese Processes 
7l 
Personnel: Lynn V. Ogden, Principal Investigator, Dept. of Food Science 
and Nutrition, Brigham Young University 
Funding Sources: Western Dairy Foods Research Center 
Summary: 
The feasibility of using minimal color variations in alternate batches and on-line 
colorimetry to detect the seams between batches was investigated as a means of 
determining the batch or origin in semi-continuous cheese processes. Four vegetable 
colors were investigated in small laboratory batches using the Hunter Labscan 2. 
Amounts of color addition necessary for a detectable colorimetric difference and 
resulting relative visual difference were determined. A plant trial was conducted varying 
the amount of annatto in alternate batches. 
Results: 
In lab trials, turmeric was the most sensitive marker and canthaxanthan the least 
sensitive with annatto and beta carotene in the middle. A 19% change in annatto usage 
was found to be necessary to detect the change calorimetrically using the Hunter b 
value. Nine and sixteen percent changes in annatto were tried in a plant trial using 
Yellow Index, Hunter b values, and the Hunter Qual probe as colorimetric measures. 
Colorimetric an visual sensitivity to these variations is being analysed. 
Pub I ications: 
Dunn , M.L. 1989. Method of Identifying the Batch of Origin in Semi-Continuous 
Cheesemaking Processes. Masters Thesis, Department of Food Science and 
Nutrition, Brigham Young University. 
Manuscript ready for submission to Journal of Dairy Science. 
Significance to the Dairy Industry: 
Accurate determination of batch of origin is needed in semi-continuous cheese 
processes to confine downgrading to only that cheese produced in defective batches. 
Currently the equivalent of three batches are downgraded to assure that all one 
defective batch is included. 
Project Title: Optimization of the Sensory Characteristics of Flavored Yogurt 
Personnel: MinaR. McDaniel. Associate Professor, Food Science and Technology, 
Oregon State University 
Floyd W. Bodyfelt, Professor, Food Science and Technology, Oregon State 
University 
Nancy J. Micheals. Research Assistant, Food Science and Technology, Oregon 
State University 
Steven J. Harper, Graduate Srudent, Food Science and Technology, Oregon 
State University 
Debbie L. Barnes, Graduate Srudent, Food Science and Technology, Oregon 
State University 
Funding Sources: Western Dairy Foods Research Center 
Research Objectives: 
A. Trained Panel Descriptive Analysis 
1. To train a panel for and to rate sweemess, sourness and flavor attributes of a variety of 
Pacific Nonhwest commercial yogurts of different flavors using reference standards of 
sucrose, lactic acid, and flavoring systems. 
2 . To determine the sweemess/sourness ratios for the commercial yogurts. 
3 . To develop terminology to describe the body and texture of the samples, and complete a 
texture profile analysis of the samples to measure graininess, chalkiness, firmness, 
viscosity, gel character, etc. 
4 . To statistically correlate taste and texture descriptor ratings across all commercial products 
tested. 
B. Analytical and Physical Testing 
1. To analyze all samples for pH, titratable acidity, sugar, acid, and acetaldehyde using 
appropriate methods. 
2 . To correlate pH, titratable acidity and sugar analysis data with sensory descriptors. 
3 . To observe relationships between the sugar/acid ratios and the sweetness/sourness ratios. 
4. To analyze for viscosity and other appropriate texrural attributes. 
C. Consumer Panel 
1. To develop a ballot for consumer evaluation of the commercial yogurt samples. 
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2. To run replicate 50 member panels for evaluation of each set of samples for ascenaining if 
preferences exist among the samples, and to determine directional information for product 
improvement. 
3 . To evaluate the effective demographic factors such as age, sex, yogurt consumption 
patterns, etc. 
4 . To correlate consumer data with trained panel, analytical and physical measurements, 
5. To study the acceptance of sundae-style yogurts with a separate consumer test. 
D. Formula Optimization 
1 . To determine ranges of important flavor and textural qualities, and to prepare yogurt 
formulas incorporating these ranges. 
2. To optimize the product formula using appropriate statistical techniques in a series of large 
consumer style sensory tests. 
Results: 
A pilot study was performed to gain information about and to pretest the methodology for 
conducting the above research. This study began with a preliminary interview survey to determine 
the effectiveness of the survey format, and to gain preliminary demographic information. 
A trained descriptive panel and consumers evaluated five different commercial brands of 
strawberry yogurt (3 sundae style, and 2 pre-stirred). From the trained panel, significant 
differences were found for all attributes tested with the exception of acetaldehyde. Especially large 
differences were found for color intensity,lumpiness and viscosity by appearance, amount of 
fruit pieces, overall flavor intensity,lumpiness and viscosity by mouthfeel, artificial strawberry 
flavor, sweemess and sourness. In comparison with the other yogurts: 
Yogurt 1 was characterized by high color intensity, overall flavor intensity, and artificial 
strawberry flavor while being low in lumpiness by appearance and mouthfeel, and amount of fruit 
pieces; 
Yogurt 2 showed a high level of size of fruit pieces, sweemess, and artificial strawberry flavor 
while being low in color intensity, viscosity and lumpiness by appearance and mouthfeel, amount 
of fruit pieces and sourness; 
Yogurt 3 had a high level of chalkiness, fresh strawberry flavor and amount of fruit pieces, and a 
low level of sourness and artificial strawberry flavor; 
Yogurt 4 was low in color intensity, but high in lumpiness by appearance, astringency, viscosity 
by appearance and mouthfeel, chalkiness, sourness, and fresh strawberry flavor; 
Yogurt 5 was characterized by high levels of lumpiness by mouthfeel, amount of fruit pieces, 
sourness and fresh strawberry flavor, and low levels of overall flavor intensity, jatnmy and 
artificial strawberry flavor, size of fruit pieces and sweemess. 
Overall, yogurts 1 and 2, as well as yogurts 4 and 5, were similar in many attributes. Principal 
component analysis or Discriminant analysis could be used to verify similarity of these yogurts. 
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The consumer test utilized six attributes, three analyzed on a 9-pt. hedonic scale and three on a 
just right scale for the yoguns. Yogun 1 was rated highest in liking by consumers for overall 
impression, appearance and overall texture, and was rated near just right for sweetness, sourness 
and strawberry flavor. Yogun 2 was similar to yogun 1 except for having a slightly lower rating 
for sourness and strawberry flavor. Yogurt 3 also had a high degree of liking for appearance 
compared with 1 and 2, but was lower in overall impression, texture, and sweetness, and was 
just right for the sourness level. Yogun 4 was rated like slightly for appearance, overall 
impression. and texture, and showed lower sweetness and higher sourness ratings. Y ogun 5 was 
lowest in all attributes except appearance, and had the highest degree of sourness. Looking at the 
descriptive and consumer data together allows us to characterize each yogun. 
This pilot study was a good starting point for examining the techniques and methods to be used 
for the actual descriptive and consumer studies in combination with simultaneous analytical and 
physical tests. Further research will concentrate on the objectives stated above using refined 
survey and consumer ballot techniques, and a more highly trained panel. Other flavors and more 
brands will be studied using sensory and analytical methods to determine optimal formulas for the 
sweetness/sourness ratios. 
Impact of Research: 
If accepted and utilized by the yogun manufacturers this research will provide information 
regarding acceptance of the product by the consumers. An optimized formula could increase sales 
to both consumers and non-consumers of yogun, consumption of fluid milk, and competition 
with national brands. If the demographic results indicate distinct populations of yo gun 
consumers, a better understanding of consumers desires will be noted, and advertising could be 
targeted to these groups to help increase consumption. In the United States, currently, yogun 
consumption is low per capita compared to the European countries such as the Netherlands 
indicating the potential for increased acceptance and sales. 
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Professor, Department of Food Science and 
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A. Ira!JNQ .E.aool Descriptive Analysis 
1. To train a panel for and to rate the sweetness, sourness, flavor intensity and 
aroma intensity of Pacific Northwest commercial yogurts of different flavors 
(strawberry , raspberry, lemon and plain) using a 1 6-pt. intensity. 
2. To determine the sweetness/sourness ratios of the commercial yogurts . 
3. To develop terminology t0 describe the body and texture of the yogurt 
samples and to then complete a texture profile analysis of the commercial 
samples to measure graininess, chalkiness, firmness, viscosity , gel 
character, etc. 
4. To correlate taste and texture descriptor ratings across all commercial 
products tested. 
5. To complete analysis of variance on all data collected. 
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B. Analytical .and. Physical I.e..s1ing. 
1. To analyze all samples for pH and titratable acidity by standard methods . 
2. To analyze for sugars content using HPLC. 
3. To correlate pH, titratable acidity , and sugar analysis data with sensory 
descriptors. 
4. To observe relationships between the sugar/acid ratios and the 
sweetness/sourness ratios. 
5. To analyze for viscosity and other appropriate textural attributes . 
C. Consumer .Erulm 
1. To develop a ballot for consumer evaluation of the commercial yogurt 
samples. 
2. To ascertain if differences in preference exist among the samples, and to 
determine directional information for product improvement . 
3. To complete statistical analysis to evaluate the effective demographic 
factors such as age, sex, and yogurt consumption patterns . 
4. To correlate consumer acceptance data with trained panel , analytical and 
physical measurements. 
D. ~Optimization 
1. To determine , using results from the above studies, ranges of all important 
flavor qualities, and to prepare yogurt formulas incorporating these ranges. 
2. To optimize the product formula using Response Surface Methodology test 
design in a series of large consumer style sensory. tests. 
Results: 
As the objectives above were written in the form of a two year project, the 
following results are for the work completed by the time of this annual report . At 
the end of this project year, much of the work on aroma and flavor has been 
completed, but teX1ure work and optimization work remains. At this point we 
have enough results to write and submit four abstracts of the work 
accomplished to date. One paper will be presented at the Institute of Food 
Technologists in Anaheim in June, and three will be presented the following 
week at the American Dairy Science Meeting in North Carolina. To briefly 
summarize the findings , the following statements apply : 
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1. A large range in overall acceptability (rated on a 9-pt Hedonic Scale 
ranging from I= dislike extremely to 9 = like extremely) was found for 
each set of yogurts tested. Overall liking ranged from 5.69 to 7.89 for 
strawberry yogurts, 4.97 to 7.57 for lemon yogurts, 4.92 to 7.63 for 
raspberry yogurts, and 5.38 to 7.50 for plain yogurts. Only consumers of 
these products were tested. 
2. Large differences were found between all brands of strawberry yogurts 
for both descriptive panel attributes and consumer hedonic ratings. The 
yogurts have very different flavor profiles with predominant flavor 
attributes being different between samples. 
3. Consumer overall impression ratings were determined by how well 
they liked the strawberry flavor, sweetness and sourness balance of the 
sample. Two groups of opposing attributes appeared to play 
predominant JOles. Sweetness, jam my strawberry flavor and cooked 
milk attributes were positively correlated with acceptability while plain 
yogurt, acetaldehyde, sourness and astringency were negatively 
correlated. 
4. Bitterness was responded to negatively by consumers and reduced 
acceptability. 
5. Only one lemon yogurt sample was found to significantly less 
acceptable from consumer hedonic ratings. This sample rated lowest in 
lemon flavor, was moderately too sour, and was moderately not sweet 
enough. 
6. Significant correlations were found in consumer ratings between 
overall liking, lemon flavor, sweetness and sourness with highest 
correlations to lemon flavor and sweetness. Consumers seem to be 
most concerned with flavor and sweetness 
7. Significant sample differences resulted for all descriptive panel 
attributes. Two opposing groups of attributes seemed to affect 
descriptive results. Sourness, plain yogurt, acetaldehyde, and 
astringency were correlated with each other as were sweetness. overall 
lemon, lemon juice, and artificial lemon. The sample rated the lowest in 
overall liking rated high in attributes from the first group while the 
sample rated the highest in overall liking rated high in attributes from 
the second group. 
8. There was a wide range of consumer hedonic ratings for overall liking 
in plain yogurt. Overall liking was positively correlated with 
appearance, texture , sweetness and sourness liking. Sweetness and 
sourness liking were most highly correlated (p<.0001 ). 
9. "Just Right" scale analysis for plain yogurt revealed that samples with 
highest overall liking ratings had sweetness and sourness ratings 
closest to "just right". 
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1 0. Attention to appearance, texture and the sweetness/sourness balance 
in plain yogurt appears to be important for consumer acceptability. 
Impact of Research: 
This study demonstrated that there were very large differences in acceptability 
among the commercial samples tested for all yogurt flavors evaluated. These 
findings support the need for optimization work, and and the need for 
improvement of the sensory qualities of commercial yogurts. Optimization work, 
if continued, could document changes that would improve yogurt quality and 
increase consumer acceptability, ultimately leading to increased yogurt sales. 
Abstracts: 
Barnes, D. L, Harper, S. J. and McDaniel, M. A. Correlation of descriptive and 
consumer panel flavor ratings for commercial pre-stirred strawberry yogurts. 
Institute of Food Technologists, Anaheim, CA, June, 1990. 
Harper, S. J., Barnes, D. L, McDaniel , M. R. Correlation of descriptive and 
consumer panel flavor ratings for commercial pre-stirred lemon yogurts. 
American Dairy Science Association , Raleigh, NC, June, 1990. 
Harper, S. J., Barnes, D. L, McDaniel , M. R. Sensory attribute ratings of 
commercial plain yogurts by consumer and descriptive panels. American 
Dairy Science Association , Raleigh , NC, June, 1990. 
Barnes, D. L., Harper, S. J. , McDaniel, M. R. The effect of commercial yogurt 
sweeVsour ratios on consumer acceptance. American Dairy Science 
Association, Raleigh , NC, June, 1990. 
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The goal of this research is to characterize the rheological and surface 
properties of a polysaccharide obtained by direct fermentation of whey, 
particularly acid whey. The specific objectives are : 
1. To establish the fermentation parameters for the production of the 
polysaccharide produced by Lactobacillus plantarum 304 utilizing acid or 
sweet whey as the substrate. 
2. To establish the procedures to recover and purify the polysaccharide 
3. To analyze the fermentation broth by HPLC analysis and establish lactose 
utilization and yield parameters 
4. To determine the surface tension properties of the unknown polysaccharide 
as affected by polysaccharide concentration, pH, temperature and ionic 
strength 
5. To optimize fermentation parameters 
l 2 l 
Results: 
a. Fermentation Studies 
Lactobacillus plantarum 304, originally isolated from a cucumber fermentation, 
was routinely maintained and transferred in MRS (Dileo, Inc.) broth medium. In 
all experiments, cultures of L. plantarum 304 were incubated without aeration. 
Acid whey was obtained from a local dairy plant and stored frozen until used. 
Spontaneously occurring non-polysaccharide producing variants of L. 
plantarum can be isolated at a frequency of 6.6x10·3. A method was developed 
to optimize differentiation of the colonies of the polysaccharide producing 
(poly+) and non-producing (poly-) strain using MRS agar followed by incubation 
at 25°C for 5-7 days. Polysaccharide producing strain showed larger, opaque 
and viscous colonies. Reversion to the poly+ phenotype was not observed. 
Growth rate of both strains was measured using optical density (650 max. 
wavelength) at 20, 25, 30, 35 and 40°C. The results showed that growth rates 
were not significantly different between the two strains. Optimum temperature 
for the growth was 35-36°C and the detected minimum growth temperature was 
15°C (Figure 1 ). 
A modified MRS medium was prepared by using all the components of the 
commercial medium with the exception of the glucose. Different sugars were 
added to the medium as indicated by specific experiments. MRS media were 
heat sterilized and acid whey was filter-sterilized. Different sugars were 
examined as a sole carbon source for growth of the bacteria including glucose, 
fructose, galactose, lactose and sucrose at 2% concentration. Both strains 
showed growth utilizing these sugars; however, no growth was observed wh en 
ribose was the sole carbon source. Addition of calcium or magnesium to the 
media (at 2%) retarded the growth to some degree. 
b. Functional Properties Studies 
Poly- cultures were used as negative controls along with uninoculated broths in 
viscosity measurements using Cannan-Fenske viscometers. Maximum viscosity 
was observed at about 24 hours of growth with a subsequent decrease with 
extended incubation (Figure 2). Polysaccharide was produced in modified MRS 
broth supplemented with either glucose, fructose, man nose, galactose, lactose, 
sucrose, cellobiose , maltose, trehalose, or raffinose as the sole sugar source. 
Ribose and arabinose produced no polysaccharide. Acid whey supported 
growth as well as polysaccharide production. The greatest yield of 
polysaccharide from acid whey occurred when the pH (4.3) was adjusted to pH 
6 or 7. 
A polysaccharide isolation and purification technique was also developed 
(Figure 2) . Both polysaccharide isolation procedures gave a purified yield of 
about 3 g/1 from MRS medium. The filtration method produced polysaccharide 
free of cells but required longer processing times. The yield of polysaccharide 
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produced at ·different incubation temperatures (18, 25, and 3JOC) did not differ 
significantly . Samples were colleded at the same pH value to obtain 
polysaccharide after equivalent fermentation levels. 
The viscosity of the purified polysaccharide was determined using a Brookfield 
Viscometer (spindle series LV). Aqueous solutions of the isolated 
polysaccharide, 0.1 - 5% w/v, exhibited low viscosity (less than 10 cp) . Viscosity 
increased slightly with polymer concentration. Attempts to stabilize the viscous 
behavior observed in the fermentation broth , e.g. by addition of divalent salts 
(Ca++), were only partially successful. All tested solutions exhibited a viscosity 
decrease with higher shear rates. typical of solutions with pseudoplastic 
behavior. 
Preliminary studies have shown emulsion stabilization properties of oil/water 
mixtures. The samples with 1% w/v purified polysaccharide in water remained 
emulsified longer than samples with no polysaccharide. Microscopic 
examination showed smaller globules of the dispersed phase. These findings 
suggest that the polysaccharide could be used for emulsion stabilization. Initial 
and equilibrium surface tension measurements are being done to evaluate the 
use of the polysaccharide as a emulsifying agent not increasing food viscosity. 
Impact of Research : 
A major problem faced by today's dairy industry is to find profitable uses for 
whey. In spite of new uses, whey utilization remains around 50%. The rest is 
discharged with a continuously increasing disposal cost. The production of 
polysaccharides with functional properties of commercial interest uses a waste 
to generate a by-product with commercial value . 
The utilization of the polysaccharide to form natural coagulants for wastewater 
treatment was not considered as one of the specific objectives of the research 
effort. The use of the polycation (chitosan)-polysaccharide complex constitutes 
a new alternative to recover proteins from acid whey and other dairy waste 
streams. A treatment process could therefore involve the production of a 
"natural" emulsifying agent by fermentation of acid whey after recovery of the 
whey protein fraction using the complex as a coagulating agent. This process 
would utilize both the lactose andthe protein whey fractions. 
Publications and Abstracts: 
Presentations completed 
Martino, M., and Torres, J.A. 1990. Better utilization of cheese whey. Presented 
at the 79th Annual Oregon Dairy Industries Conference, Feb. 13-14, 
Eugene, OR. 
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Martino, M~. Youssef-Hakimi, N., Daeschel, M.A., and Torres, J.A. 1990. Food 
grade stabilizer produced by Lactobacillus plantarum from acid whey. 
Presented at the 79th Annual Oregon Dairy Industries Conference, Feb. 13-
14, Eugene, OR. 
Martino, M. and Torres , J.A. 1990. Natural chitosan complexes: an alternative 
for the treatment of processing wastewater. Presented at the Pacific 
Fisheries Technologists Meeting, Feb. 18-21, Portland, OR. 
Upcoming presentations 
Martino , M., Torres , J.A. , Bodyfelt, F.W., and Daeschel , M.A. 1990. 
Characterization and isolation of a polysaccharide produced by 
Lactobacillus plantarum from acid whey. To be presented at the 51st 
Annual Meeting of the Institute of Food Technologists, June 17-20, 
Anaheim, CA. 
Martino, M., Bouzas, J. , and Torres, J.A. 1990. Recovery of suspended solids 
from food processing wastewaters using chitosan-polyanion complexes. To 
be presented at the Sixth International Symposium on Agricultural and 
Food Processing Wastes, December 17-18, 1990, Chicago, IL. 
Bouzas, J., Martino, M. , and Torres , J. A. 1991 . The use of chitosan-polyanion 
complexes for the treatment of food processing wastewaters. To be 
presented at the 5th International Conference on Chitin and Chitosan , 
October 17-20, Princeton , NJ. 
Publications 
Martino , M., Torres, J.A. , Bodyfelt, F.W., and Daeschel, M.A. 1990. 
Characterization and isolation of a polysaccharide produced by 
Lactobacillus plantarum from acid whey . In preparation. 
Martino, M., Daeschel , M.A., and Torres, J.A. 1990. Caracterizacion 
fisicoquimica de un hidrocoloide obtenido a partir de Ia fermentacion de 
suero de leche. In preparation. 
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The use of enzymes in the food and related industries is growing rapidly due to 
decreases in the costs of producing relatively pure enzymes of high activity. The 
cellulase enzymes typify this trend as they are increasingly used in fruit juice processing 
and in the utilization of food processing wastes. One of the most expensive parts of 
industrial enzyme production is the cost of the substrate used to sustain the enzyme 
producing microbes. Alternative low cost substrates are, therefore , of interest to industrial 
producers. Whey products have the potential to be an attractive substrate for enzyme 
production. This is because whey products are rich in utilizable energy and several 
industrial microbes are capable of growing at relatively low pH. 
The study is designed to test the feasibility of utilizing acid whey and whey permeate as 
primary substrates for the production of food grade cellulases by the mold Trichoderma 
reesei. A more general aspect of the study is to demonstrate that acid whey has 
beneficial properties that make it an attractive substrate for the production of secondary 
metabolites and enzymes by the general class of acid tolerant fungi . 
Results : 
Our initial studies have.found that cellulase enzymes are produced by Trichoderma when 
grown on acid whey, pH 4.4. Enzyme yields were estimated to be approximately 50% 
of that observed for the same fungus grown under optimum conditions. The quantity of 
enzyme produced in different cultures is based on the traditional cellulase filter paper unit 
of activity. Adjustment of the whey substrate to pH to 5.0, 5.5, 6.0 and 6.5 prior to 
Trichodenma inoculation resulted in more reproducible enzyme production but only 
minimal increases in the median levels of enzyme produced. Soluble protein production 
at days 4 through 8 post inoculation has followed that of the control culturt~ . The .pH of 
all inoculated whey cultures increases by approximately 1 pH unit over the course of the 
8 day incubation. This 1 pH unit rise has been consistent for whey preparations starting 
at pH 4.4, 5.5 and 6.5. Current studies are evaluating the use of an initiator to further 
stimulate cellulase production in the acid whey cultures. Studies evaluating the use of 
whey permeate as a substrate for Trichoderma cellulase production and simultaneous 
production of mycelial protein are also in progress. 
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pact of Research : 
he optimum scenario for this research is that the results will clearly demonstrate that 
id whey or whey permeate is a cost effective substrate that may/should be exploited 
major enzyme suppliers. The fungus, Trichoderma, and the enzyme system, cellu lase, 
hich are the focus of this research should be considered exemplary, since acid whey 
ay potentially be utilized by a range of fungi which are currently being used for the 
reduction of food grade enzymes. Other secondary metabolites, such as 
harmaceuticals and pigments, are also potential products which could conceivably be 
reduced from microbes growing on whey substrates. Consequently, this research will 
e of significance to the food, pharmaceutical and chemical industry in terms of 
emonstrating substrate properties of whey products. The impact to the dairy industry 
ill be realized if industrial producers accept acid whey as a microbial substrate, thereby 
roviding a mechanism for the utilization of currently underutilized acid whey. 
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ABSTRACT 
Cottage Cheese from Ultrafiltered Skimmilk by 
Direct Acidification 
by 
Jorge Ricardo Ocampo-Garcia, Master of Science 
Utah State University, 1987 
Major Professor: Dr. Carl Anthon Ernstrom 
Department : Nutrition and Food Sciences 
ix 
Pasteurized skimmilk at 4°C wa s acidified to pH 5.8 with 85.5% 
phosphoric acid (136g H3Po4;100 kg skimmilk), then warmed to 54°C 
and ultrafiltered to a protein concentration 9.1 ± 0.2%. The 
retentate was heated to 76.5°C for 16 s then cooled to 2°C. 
Pho sp horic acid (85.5%) was added at a rate of 3.41g per kg 
retentate. The acidified retentate wa s slowly warmed to 29.5°C 
(3°C/5 min) when the pH was checked. The pH at this point was no 
lower than 5.4. Heating was continued until a temperature of 32.2°C 
was reached. Glucono delta lactone was added to the retentate (17.6 
g/kg retentate) and left undisturbed for approximately 80 min. The 
curd was cut at pH 4.7 with 0.64 em curd knives and allowed 10 min 
for syneresis. Permeate obtained from the same lot of milk was 
acidified to pH 4.8 (66 g H3Po4;100 kg permeate), then added to the 
curd at 32.2°C (three parts permeate to four parts retentate) and 
used as a cooking vehicle . The curd was cooked to 59°C in 90 min . 
The curd was held at 59°C for 10 min, drained and washed once with 
ice water. Cream dressing containing 12.5% fat and 3% salt was 
used at the rate of two parts curd to one part dressing. 
Control cottage cheese was produced by a direct acid method 
from the same skimmilk used to produce ultrafiltered curd. 
X 
Use of ultrafiltered skimmilk retentate for cottage cheese 
making resulted in 2.24% more curd (corrected to 20% solids) and 
2.24% more curd per kg original milk protein than the control. 
However, satisfactory firmness in UF curd required slightly more 
than 20% solids in the final product . Sensory evaluations indicated 
that creamed cottage cheese was not significantly different 
(p<0.05) from control cheese, but wa s better than commercial 
cottage cheese samples se lected fr om the local market . 
(69 pages) 
INTRODUCTION 
The practical app li cat ion of membrane ultrafiltration (UF) in 
the manufacture of different types of cheese was.reported by Maubois 
and Mocquot (50 ). 
Ultrafil tra tion of milk as part of the cheese making procedure 
continues to att ract the attention of dairy researchers as well_as 
the cheese industry. Ultrafiltration is now used in the manufacture 
of high moisture cheese varieties such as feta, camembert, and 
ricotta (50). Cottage cheese cu rd with 80% moisture should be a 
good candidate for using this process of concentration. 
To be cons idered attractive for cottage cheese, the process 
must result in a product that is at l east as acceptable as curd made 
by traditional processes. It also must provide some advantages over 
traditional processes with respect to increased yield and/or reduced 
cost of manufacture. Increased yield, vat efficiency and its 
potential application in continuous curd manufacture offer important 
possibilities for use of UF in cottage cheese making. Several 
applications of membrane processes for cheese making are found in 
the literature. In contrast, very little information is available 
on skimmilk retentate used for cottage cheese manufacture. 
Matthews, ct al. (49) manufactured cottage cheese from 
retentate and suggested that a concentration ratio for skimmilk of 
1:2 (6 .2% protein) was the apparent upper limit for obtaining a good 
quality product . They improved vat efficiency, but did not show any 
increa sed yield (49). 
Studies with retentates (15% protein) by Covacevich and 
Kosikowski (14) have shown the possibility of making ultrafiltered 
curd into whipped cream cottage cheese with improved color and 
appearance. 
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Possible yield increases of 12.4 and 15 . 3 from 16% total solids 
(TS) retentate (9.3% protein) from cultured and direct acid cottage 
cheese respectively, were reported by Narasimhan (58). 
Raynes (65) found that cottage cheese curds made from 3 fold 
concentration (9.2% protein) retentates were not easy to cut with 
0.64 centimeter or quarter-inch curd knives. Also after dressing 
was added, the texture became soft, pasty and sticky. These 
resulted in a gradual translucence during storage. 
Texture and cream absorption by curd appear to be the principal 
problems in making cottage cheese from skimmilk retentates 
(14,49,58) . Further success in making cottage cheese from skimmilk 
retentates depends upon solving problems of cooking curds and 
developing proper texture and cream absorption, (14). Covacevich 
and Kosikowski (14) reported consistently less whiteness, less 
acceptable appearance and tougher texture than conventional 
commercial cottage cheese when skimmilk retentate was used. 
The purpose of this study was to develop a procedure for the 
manufacture of cottage cheese by direct acidification from 
preacidified, ultrafi)tered skimmilk retentate (3 fold 
concentrat ion), then compare the yield and quality of product with 
that of conventional cottage cheese . 
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LITERATURE REVIEW 
Cottage cheese is the soft, uncured cheese prepared by mixing 
cottage cheese dry curd with a creaming mixture .. The milk fat content 
is no less than 4% by weight of the finished food (11). 
Lowfat cottage cheese is the food prepared from the same 
ingredients and in the same manner as prescribed for cottage cheese. 
Its content of milkfat is not less than 0.5% and not more than 2% by 
weight. Its moisture content is not more than 82.5% (11). 
Cottage cheese is conventionally made from skimmilk by the 
addition of starter culture and small amo unts of rennet . However the 
use of starter cultures for acid production may involve difficulties 
such as aggluti nation of starter bacteria, lack of product uniformity, 
slow acid production, etc. (23). To eliminate these problems, direct 
acidification has been approved as an alternative (23) . 
Ultrafiltration is a process by which smal l molecule s are 
separated from large molecules by passing a so lution under pressure 
through a designated molecular weight cut-off membrane (30) . Recently 
ultrafiltration has been applied to dairy products for concentration 
of whey protein, skimmilk protein, and as a first step in cheese 
making (51,30,60). 
Advantages of Membrane Ultrafiltration 
One of the main advantages of ultrafiltration of milk for cheese 
making is increased cheese yield. This increase is due to improved 
retention of proteins and fat in the cheese (49). 
This process also results in 1ncreased production per vat of 
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retentate which increases plant capacity with the same cheese making 
equipment. Ultrafiltration units occupy less floor space than cheese 
vats. This provides a substantial economy in investment for 
construction. Also, ultrafiltration equipment can be controlled 
automatically and offers potential application in continuous 
processes. Reduction in l abor costs can be expected (49,32) . 
Reduction i n cost of 20% was reported when ultrafiltration was used 
for making feta cheese in comparison with conventional techniques 
(81) . Chambers and Marks (9) reported that cottage cheese from 
ultrafiltration can reduce energy usage by 1614 Btu/kg of product when 
compared with standard techniques. Ultrafiltration on the dairy farm 
offers the ability to use permeate for animal feed, requires l ess 
holding tank capacity, uses l ess energy to keep the retentate 
refrigerated and redu ces the cost of shipping retentates to cheese 
pl ants (91). 
The economy of ultrafiltration is based, among other things, upon 
much lower rennet consumption than in conventional processes (39). 
Rennet requirements are inverse ly proportional to the degree of 
concentration and to the protein content of the milk. Rennet levels 
can be adjusted in order to maintain the usual clotting time (77) . 
Hence, ultrafiltration may save up to 80% of rennet needed for making 
cheese. 
Lack of uniformity in milk supply can be solved by using 
ultrafiltration. Standardizing the protein content in milk without 
detectable organoleptic consequence is one solution proposed by 
Poulsen (63) . 
The concentration of milk without chemical damage and flavor 
changes caused by heating can be another advantage of UF in the dairy 
industry (30). 
Pollution of cheese factory effluent is reduced due to less 
protei·n in permeate than in whey. Hence lower biological oxygen 
demand (30,48). 
Cottage Cheese Making with Starter 
Manufacture of cottage cheese with starter organisms involves 
the use of mixed strain acid-producers like Streptococcus lactis and 
Streptococcus cremoris and a flavor-producer, Leuconostoc 
citrovorum. Bulk starter is prepared by heating skimmilk to 91 °C 
for 30 to 60 min, cooling to 21°C, then innoculating with 1% stock 
starter culture. The innoculated skimmilk is incubated at 21°C 
(23,70) until the pH is 4.6-4.8 and then refrigerated. 
Different combinations of time, temperature and percent culture 
innoculum are used for cottage cheese manufacture. There is a short 
set method in which skimmilk is innoculated with 5% culture and 
allowed to set for 4-6 h at 32°C. The long set method requires 
12-16 h at 22°C with 1 to 2% innoculum. Each yields an equally high 
quality cheese curd and the selection of the method depends on the 
schedule of personnel in the plant (5,23,70). After cutting the 
curd, the cooking pro~edure is essentially the same for each method. 
The whey is drained and the curd washed to remove excess acid and 
lactose, and finally creamed (23). 
The successful manufacture of cottage cheese with starter 
organisms depends on the activity of the bacteria culture {5,23). 
Lactic cultures are the source of most problems associated with the 
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traditional method (5,21,45,71). Some strains can agglutinate and 
precipitate out of skimmilk, causing sedimentation on the bottom of 
the vat and slow acid production (23). Agglutinatior. of starter 
bacteria also results in a shattered and mealy curd. Lack of 
product uniformity due to variation in behavior of cultures also 
results (24). Proteolytic activity of some strains of starter 
bacteria affect the curd strength of cottage cheese and titratable 
acidity of whey (23,24). When improper combinations of lactic 
cultures with aroma bacteria are used, floating of curd and 
excessive foaming can occur during cooking (71). Lactic cultures 
can be inhibited by antibiotics and bacteriophage (23,45), reducing 
the production of acid. Growth of contaminating organisms during 
long setting periods may produce bitter flavors in the cheese. 
These problems make the traditional method difficult to control and 
to standardize. 
Cottage Cheese Making without Starter 
Chemical Acidification 
A number of workers (19,25,53,80,85) have produced cheese by 
chemical acidification. Three approaches have been used. 
i) Direct addition of acid 
ii) Acidification by ester hydrolysis 
iii) Combination of direct acid and ester hydrolysis for acid 
production. 
Direct Addition of Acid 
Ernstrom (24) found that milk at refrigeration temperatures 
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could be acidified to the isoelectric point of casein without 
causing coagulation. He used hydrochloric acid because it was very 
inexpensive. Little (43) patented a process for cottage cheese 
production by coagulation of cold acidified milk'with the addition 
of large amounts of rennet (10 to 66 ml/454 kg). Several patents 
were obtained (42,84,86,87) but the process had limited commercial 
application. One reason was, at that time, Federal laws did not 
permit the use of chemical acidulents in cheese making, and lower 
quality body and texture was found when compared with 
traditionally-produced cheese. However, Born and Muck (8) reported 
that consumer acceptance of cottage cheese made by direct 
acidification was not significantly lower than traditionally-produced 
cheese. 
Hydrolysis of Acid Anhydrides 
The selection of compounds which hydrolyze slowly to produce 
acids was investigated by Deane and Hammond (17). Glucono delta 
lactone (GDL) and meso-lactide were allowed to hydrolyze to their 
corresponding acids in undisturbed skimmilk for the production of 
cottage cheese . The curd obtained with this method was smooth, 
uniform and very similar to that produced by starter culture (17). 
However, the use of these anhydrides was limited by their high cost 
and the time required . for hydrolysis. 
Combination of Direct Acid and Anhydride Hydrolysis 
The use of liquid acids and acid anhydrides was used early for 
the production of Cheddar type cheese (46). Later and Schafer (44) 
and Corbin (13) both patented a similar method in which phosphoric 
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acid and glucono delta lactone were used for acidification of 
skimmilk in the production of cottage cheese. This process came to 
be the Vitex/American Direct set method (19). At present thi s 
method is used in several cheese plants with successful results 
(2,3,19,74). Actually about 30% of the cottage cheese in the United 
States is made using thi s method (Michael Gerson, Carlin Foods , St. 
Louis, Mo. Personal Communication, 1986). 
Advantages of Direct Aci dification 
A major benef it of the direct acid process is the reduction in 
process time (27). Other benefits include more efficient equipment 
utilization, improved cheese consistency, improved process control 
and production rates, and the elimination of problems assoc iated 
with culture growth (28). The yields obtained by thi s method are 
significantly higher than those obtained by culture methods (29 ,80). 
Geilman (27) showed that yield increases were due to better protein 
recovery. However there is some disagreement (89). Satterness et 
al . (73) did not find any significant difference in yield between 
the two processes. Some differences in manufacturing procedure and 
differences in the method of calculating yield may have contributed 
to different conclusions between the two methods of acidification 
(27). The differences could have resulted from 1) exclusion of 
weight of acidifying agents as part of milk solids, 2) use of cold 
skimmilk to disperse GDL instead of cold water, 3) differences in 
moisture adjustment of the two curds. Reduced yield in cultured 
cottage cheese may have been due to bacterial proteinase activity 
and to changes in the proportion of Prt+ vs Prt- cells during 
culture maintenance (67). 
Disadvantages of Direct Acidification 
Texture and body of direct acidification (D~) cottage cheese 
have sometimes been found inferior to traditional cottage cheese 
(25,73,85,89). However, quality of direct acid cottage cheese is 
not significantly different from traditional cultured cheese (~27). 
Prices of ingredients per ki logram of cheese for DA were higher than 
costs of traditional culture methods of acidification. Nutritional 
quality has been considered. McDonough and Alford (5 2) found no 
s ignificant difference between protein effic iency ratio (PER) of DA 
versus traditional cottage cheese, although the vitamin content was 
slightly higher. Other workers (69,82) found no significant 
differences in ca lcium, magnesium, phosphorous and iron retention 
between the two types of cheese. 
Heat Treatment of Skimmilk 
Increasing cottage cheese yields by heating skimmilk to 
temperatures where whey proteins are denatured and included in the 
curd, ha s attracted the attention of the dairy industry. Normal 
pasteurization temperatures for skimmilk are 61.7 to 62.8°C for 30 
min or 71 . 7 to 72.2°C for 15 s (23). At higher temperatures (80°C) 
denaturation of whey proteins occurs (33). Excessive heating of 
skimmilk results in a soft curd that breaks when cut, and does not 
reach the desired firmness when cooked. Serum protein denaturation 
greater than 10% with heat treated skimmilk is not satisfactory for 
cottage cheese manu fac ture (57). tf -lactoglobulin is the most 
abundant whey protein. During heat treatment jS -lactoglobulin 
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denatures above 80°C, due to disulfide interchanges . Destabiliza-
tion of the residual protei n structure occurs near 140°C (88). The 
rate of heat denaturation depends on pH. ~-lactoglobulin is most 
stable in pH range of 5.0 to 7.0 with a maximum it pH 6. 0. It is 
most sensitive to heat at pH 4.0 (18). At high temperatures, 
~-lactoglobulin and k-casein interact with each other resulting in 
loss of solubility (76). oZ -lactalbumin is the smallest and most 
heat-resistant whey protein. The cysteine residues are mainly 
responsi ble for its stability (18). However during heat treatment 
o<-lactalbumin and ('-lactoglobulin interact and fonn a complex with 
k-casein. Some o<.-lactalbumin and (3-lactoglobulin will pass 
through the ultrafiltration (UF) membrane during concentration 
(6,61). Heat treatment may decrease these losses. 
Heating skimmilk to 79.4°C for 30 min results in 10% greater 
curd yield than when heati ng is limited to pasteurization. Thi s is 
due to heat denaturation of the whey protein and its inclusion in 
the curd. However, the finished product is usually mealy. Also the 
pH of the cheese is higher than nonnal because the pH at the acid 
coagulation (AC) endpoint (5.2) (best pH to cut cottage cheese curd) 
is higher than the AC endpoint in unheated milk (22). 
White and Ray (89) reported the manufacture of cottage cheese 
by continuous fennentation using different heat treatments 
(73.8°C/17 s; 100°C/7.9 s; 120°C/7.9 s; 135°C/3.9 s) of skimmilk. 
Increasing heat treatments resulted in high moisture in the curd and 
long cooking times. Low temperatures (73.8°C and 100°C) gave the 
best body and texture scores. At constant moisture levels, the two 
lower temperatures showed slightly greater cheese yields. However 
pasteurizing the skimmilk at 100°C for 7.9 s resulted in the best 
yield. 
Heat Treatment of Retentate 
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The effect of heat on concentrated skimmilk for cottage cheese 
making was studied by Emmons et al . (22). Pasteurized (60°C/30 min) 
skimmilk was divided into four lots and concentrated to 47.6, 43.5, 
43.9 and 40.1% total solids (TS). Each concentrated lot was divided 
into five portions; one portion was used as a control and the other 
four portions heated to 54.4, 60, 65.6 or 71.1°C for 15 min, cooled 
and diluted to 8.8% TS, for cottage cheese manufacture. They did 
not observe any significant difference in the amount of undenatured 
whey proteins. However they reported that the control had the best 
curd quality. Heating the concentrated skimmilk to 71.1°C for 15 
min had a deleterious effect on curd quality (mealy and soft) (22). 
Increasing TS generally limits the effect of heat on the rate of 
protein denaturation (37). Increase in ionic strength and low pH 
decreases ~ -lactoglobulin denaturation in skimmilk concentrate 
(92). Green et al. (31) observed that when skimmilk was acidified 
to pH 6.0 before ultrafiltration (1 to 4x) it gelled under all heat 
treatment conditions used (100°C and 119°C for 15 min and 140°C for 
4 s). However they established that less denaturation of whey 
proteins occurs when the milk is concentrated (31). Birkjaer, (7) 
suggested that heating retentate to 77°C for 1 min can reduce 
bacterial counts and improve the body and texture of cheese. The 
us·e of higher temperatures (90°C - 95°C) reduces cheese quality. 
\ 
Maubois and Mocquot (50) observed the restoration of curd-forming 
ability in ultra-high temperature (UHT) milk concentrated by 
ultrafiltration. Similar results are obtained when retentate 
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prepared by UF of normal milk is treated by UHT (50). Shammet (79) 
reported that 76.7 °C for 16 s was the best heat treatment for 
preacidified retentate (38% TS) pH 6.0, to make white soft cheese 
(Middle Eastern type). Extending the heating time of retentates 
increased mealiness of the finished product. This does not support 
Anis and Ernstrom (1) who stated that heating retentates (40% TS) at 
82.2°C for 30 min improved the texture and the body of Domiati cheese. 
Cottage Cheese from Ultrafiltered Skimmilk 
Maubois and Mocquot (51) used skimmilk retentate (27% TS) in 
combination with cream and obtained a product with the same 
composition as a soft cheese. Matthews et al. (49) used retentate 
(6.4% protein) from skimmilk to make cottage cheese. They found no 
difficulty in curd formation, however, they observed slow acid 
production which was attributed to lactic started culture. After 
cutting, agitation was difficult to initiate without matting the 
curd. Flavor and texture scores were not significantly different 
from the control. Total solids in the curd were 21-23%. When 
yields were adjusted to 20% TS, yield increases of 3.07, 4.87 and 
· 5.86% greater than control were obtained. They concluded that yield 
improvement per vat was the major advantage (50% increase). The 
extent of UF was limited by the amount of curd that could be handled 
in the vat without matting during cooking. In this study, whey 
proteins were expelled from the curd during cooking resulting in 
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potential yield losses (49). 
Covacevich and Kosikowski (14) produced cottage cheese from 
fermented retentates (15% protein). Yields were 7.8 and 2.3% higher 
than conventional cottage cheese (control). The-experimental cheese 
curd had a lighter color, gelatinous appearance and absorbed cream 
poorly. These defects were attributed to high pH. By making 
ultrafiltrated curds into whipped cream, cottage cheese color and 
appearance improved . Proper texture and cream absorption need to be 
improved before making cottage cheese from high protein retentates 
(5x). 
Narasimhan (58) reported increased yields over cultured cottage 
cheese (control) made from skimmilk when retentate contained 16 and 
20% T.S. The yields were 12.4, 15.3, 5.6, and 1.6% for 16% 
cultured, 16% direct acid, 20% cultured and 20% direct acid cottage 
cheese respectively. This was attributed to entrapment of whey 
proteins in the curd and reduced syneresis of whey. Lower yield 
increases from 20% retentates were due to shattering of curd during 
cooking, and the diffusion of the whey proteins (58). Cultured 
cottage cheese from retentates was . as good as that obtained from 
skimmilk. Direct acid cottage cheese was significantly lower in 
quality. Problems with lactic culture growth in retentate and the 
use of nonconventionaJ cooking methods must be solved to obtain 
maximum benefit from UF. 
Raynes (65) found that cottage cheese curds made from heat-
treated retentates were not easy to cut with 0.64 em knives. The 
cheese had a good texture and body, however a gradual translucency 
developed in the curd during storage. The texture became soft and 
pasty and the UF curd absorbed all the dressing causing a sticky 
appearance. 
Recently Kealey and Kosikowski (38) used retentate to 
supplement skimmilk to produce industria l cottage cheese of 
comparable quality to cheese made from unsupplemen ted 
control skimmilk. 
Lactic Fermentation of Ultrafiltered Skimmilk 
Many workers have observed the adverse effect on lactic 
cultures when concentrated skimmilk and retentates are used as 
growth media (40,41,49,58). Cox (16) studied the growth of 
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S. Lactis, S. diacetylactis, and S. cremoris strai ns in concentrated 
milk and found that growth of all stra ins was inhibited when TS 
exceeded 36% (1 2.96% protein). Pulay and Krasz (64) observed an 
increase in acid production by mixed starter cultures when total 
solids were increased from 28 to 32% (10.08 to 11.52% protein), but 
decreased above that level. Collins (12) intended to make cottage 
cheese from skimmilk fortified to 12, 15 and 18% TS (4.32, 5.40, and 
6.38% protei n) with nonfat dry milk. In skimmilk containing 15 and 
18% TS, the pH decreased very slowly after 5.0 when 6% culture was 
used . pH changes are slower when retentate is used rather than 
normal milk. Longer j ncubation periods are required (15,55). As a 
consequence, retentates demand more starter bacteria for lactic acid 
production and more time during cheese manufacturing (35,54). 
Hickey et al . (35) used retentate (5x) and observed an increased 
concentration of lactic acid with minimum change in pH. Apparently 
UF caused stimulation of growth and acid production above their 
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normal levels in a milk substrate. Buffer capacity is due to 
protein concentration, insoluble calcium and phosphate salts. Large 
amounts of acid are required to lower the pH in retentates (54). 
When milk is concentrated to 5x, its buffer capacity is seven times 
higher than normal milk (54). Mistry and Kosikowski (56) measured 
pH change during fermentation of UF retentate with lactic cultures. 
The pH resisted change below pH 5.2. Even after 8.5 h the pH did 
not reach 4. 6 while control required 6 h. 
Narasimhan and Ernstrom (59) also reported slow acid production 
when retentate was used in cottage cheese manufacture. They 
attributed the problem to the high concentration of colloidal 
calcium phosphate (90). Addition of phosphate to skimmilk slows 
lactic cultures, and the removal of phosphate from retentates 
enhanced acid production. Soluble phosphates were major factors in 
inhibiting acid production by lactic cultures. This explains the 
inhibition encountered below pH 5. 0 when colloidal calcium phosphate 
is solubilized. 
Recently Pope (62) stimulated Streptococcus cremoris UC310 by 
adding 0.02% yeast extract to 5x retentate ·and reduced the time to 
reach pH 5.1 from 24 to 10 h. In addition, he observed that 
preacidification of milk to pH 5.8 prior to ultrafiltration reduced 
the demand for high acid production by cultures during cheese making. 
16 
MATERIALS AND METHODS 
Skimmilk 
Raw whole milk was obtained from Utah State ·university Dairy 
Farm. This milk was separated and the skimmilk pasteurized at 63°C 
for 30 min and divided into two lots. One lot was ultrafiltered to 
9.1 ± 0.2% protein and made into cottage cheese. The other was made 
directly into cottage cheese. Both lots were stored at 2°C until 
used. 
Manufacture of Cottage Cheese (control) 
Skimmilk at 2°C was acidified with phosphoric acid (Vitex 750) 
to pH 5.5 following the Vitex Direct set method (19). The factor 
(0.00893308)(kilograms of skimmilk) was used to determine total 
kilograms of acid to add. The phosphoric acid was diluted five 
times with water. The acidified skimmilk was slowly stirred and 
warmed (3 °C/5 min) to 32.2°C. 
Rennet and glucono delta lactone were calculated using the 
following factors (19): 
kilograms of GDL (powder) (kilograms of skim milk) 
X (0.011525462) 
milliliters of r~nnet = (kilograms of skim milk)(0.00639) 
Rennet and GDL were diluted five times with ice water and added 
to the acidified skimmilk, agitated for no more than 5 min and 
allowed to stand at 32.2°C for exactly one hour before the curd was 
cut with 0.64 em curd knives. The curd and whey were gently stirred 
while hea ting to a temperature of 54.5°C over a period of 1 h 30 min 
or until a desired firmness was reached. The whey was drained and 
the curd washed with an equal amount of ice water as the whey 
drained, agitated for about 5 min and drained. 
c~eam dressing containing 12.5% fat and 3% salt was prepared 
according to Manus (47) and used at the rate of two parts curd to 
one part dressing. 
Manufacture of Cottage Cheese from Ultrafiltered Skimmilk 
Manufacture Procedure 
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Skimmilk was acidified to pH 5.8 prior to ultrafiltration with 
85.5% phosphoric acid (136 g H3P04/100 kg skimmilk). Acidification 
was at 4°C to prevent localized coagu lation of protein. 
Ultrafiltration wa s by a batch method using an Abcor HFK-1 30 
single stage, spiral wound, polysulfone membrane with a molecular 
weight cut-off of 10,000 daltons with 5 m2 of filtering surface 
(Figure 2). A balance tank and centrifugal pump were used for 
recirculation . An inlet pressure of 420 kPa (60 psi) and outlet 
pressure of 280 kPa (40 psi) were used throughout the process. 
Protein content in the retentate was adjusted to 9.1 ± 0.2% by 
adding permeate from the same lot of milk. 
Membranes were cleaned as follows: water rinse; alkaline wash 
(NaOH, pH= 11.5) and _chlorine (300 ml/80 lt of water) for 30 
min; water rinse; acid wash (HN03, pH = 1.5 ) for 30 min; water 
rinse. Equipment wa s sanitized immediately before use with water 
containing 200 ppm chlorine. Deionized water at 54.5°C was used for 
wa shi ng and sanitizing the ultrafiltration membrane. 
Figure 1. Manufacture of cottage cheese from ultrafiltered 
skimmilk by direct acidification. 
1 8 
19 
20 
Figure 2. Ultrafiltration unit 
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Heat Treatment of Retentate 
A series of preliminary experiments were performed to study the 
effect of heat treatment of retentate on firmness of curd at 
cutting, and texture and body of the final produGt. 
A high temperature, short time, plate heat exchanger (Pasilac 
Therm A/S KD 6000 Kolding, Denmark) consisting of a regeneration 
unit and heating section heated by circulating hot water from a-
water bath controlled by a steam thermo device, was used. 
Retentate was heated at 65, 72.5, 78.5 and 80°C for 16 s and 
used for cottage cheese manufacture. Curd from the 65 and 72.5°C 
treatment was too tough to cut with knives. Curd from the 78.5 to 
80°C treatment was too weak and soft. The temperature which 
resulted in the best cutting curd was 76.5 for 16 s. 
Cheese Making Procedure 
Retentate was acidified at 2°C with 85.5% phosphoric acid 
(341 g per H3Po4;100 kg retentate) diluted five times with water and 
stirred continuously for 5 min. The aci dified retentate was slowly 
warmed to 29.5°C (3°C/5 min). The pH at this point was no lower 
than 5.4. This was necessary to prevent precipitation of casein. 
Heating was continued until a temperature of 32.2°C was reached. 
Glucono delta lactone was diluted five times with ice water and 
added to the retentate (1.76 kg/100 kg retentate), stirred for no 
more than 5 min and left undisturbed for approximately 80 min. The 
curd was cut at pH 4.7 with 0.64 em curd knives and allowed to 
syneresis for 10 min. Permeate (32.2°C) obtained from the same lot 
of milk was acidified to pH 4.7 (66 g H3Po4;100 kg permeate), then 
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added to the curd (three parts permeate to four parts retentate), as 
a cooking vehicle. The curd was cooked to 59°C in one hour 50 min 
according to the following rate: 
Time 
0:00 - 0:30 
0:30 - 1:00 
1:00 1: 50 
Temperatu re (°C) 
32.2 - 35.5 
35.5 - 42.2 
42.2 59.0 
Increase.( °C/5 ~in) 
0. 5 
1.1 
1.6 
The curd was he l d at 59°C for 10 min then drained and washed 
once with an amount of ice water equal to the whey drained. 
The dressing was prepared and added to the curd as described 
for the control . 
Creamed cottage cheese from UF skimmilk and control were 
packaged in 0.5 kg co ntainers and stored at 4°C for one week before 
compositional analysis and sensory eva luati on. 
Composition Analysis 
Moi s ture 
Moisture wa s determined on 2.5 to 3.0 g of skimmilk or 
permeate, or 2.0 to 2.5 g of retenta te or curd . Samples were 
weighed in an aluminum pan, evaporated on a steam bath, and dried 
for three hours at 100 ± 2°C in a forced draft oven (Thelco model 28 
- GCA Precision Scientific) (66) . All samples were cooled in a 
gl ass desiccator prior to final weighing. Moisture determinations 
were in triplicate. 
Samples revealing discrepancies were repeated until close 
agreement was achieved. 
Fat 
Fat was determined by the Mojonnier modification of the 
Roese-Gottlieb method (26) us i ng samp les of approximate ly 10 g for 
milk a,nd permeate and 2.5 g for retentate and cheese. 
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Method of homogenizing sampl es before weighing de pended upon 
sample consistency. Skimmilk and permeate samples were warmed and 
mixed in plastic bags. Retentate samples were warmed and mixed-with 
a spatula . Cheese samples were chopped and mi xed with a blender . 
Prote in 
Nitrogen was estimated by sem i-mi cro Kje l dahl procedure (36) 
usi ng automatic Kjeltec eq uipme nt (Kjeltec Auto 1030 Analyzer, 
Tecator, Inc.). Determinations were in triplicate and protein 
co ntent was calculated by multiplying the nitrogen content of the 
sample by 6.38. Non-cas e in nitrogen determi nations were by the 
procedure of Rowland (68) with some modifi cat ion. Filtration wa s 
wi t h Whatman No. 4 filter paper fo llowed by Ge lman 0.2 ;<millipore 
filter paper to ensure that the filtrate was totally devoid of 
precipitated casein . Ca se in nitrogen wa s calcul ated as the 
difference between total nitrogen and non-case in nitroge n. Whey 
prote in nitrogen was determined as the difference between total 
nitrogen and the nitrogen from casei n and non-protein nitrogen. 
Lactose 
Lactose was estimated by Shaffer-Somogyi method (78) using 2 g 
samp l es and expressed as percent anhydrous lactose. 
Calcium 
Calcium was determined by atomic absorption (AA) spectrometry 
using a AA model 457 AA/AE spectrophotometer (Instrumentation 
Laboratory Inc.) (4). 
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Samples were dige sted by wet ashing (10). Ten milliliters 
concentrated nitri c acid (16M) was added to 1 g of all samples and 
digested for 48 h at 100°C or until a clear pale yellow so lution was 
obtained. 
Salts were dissolved in distilled, deionized water and made to 
50 ml. The samples were diluted with 1000 ppm lanthanum oxide 
so lution to bring the ca lcium concentration into the linear range of 
the spectrophotometer and reduce AA interference (75). 
pH values of skimmilk were determined before and after 
acidification, and at the time of UF. pH of retentate, permeate and 
cheese were also determined. A glass electrode and potentiometer 
(Model 811, Orion Research, Cambridge, MA 02139) were used for pH 
mea surements. 
Sensory Evaluation 
Cottage cheese from retentate, control and three selected 
commercial brands (one direc tly set and two cultured) were evaluated 
by a trained panel of four judges after one week of storage. The 
judges evaluated the finished product for flavor, appearance/color, 
body/texture and overall, using a grading scale of 1 =poor, 2 = 
fair, 3 =good, 4 = very good and 5 = excellent. 
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Statistical Analysis 
The taste panel parameters were analyzed by repeated 
measurement design with blocking across time to determine sources of 
variation (72). Treatment means were compared by the Least 
Significant Difference (LSD) method (20) for those treatments which 
had significant F-ratios . 
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RESULTS & DISCUSSION 
Manufacture of Cottage Cheese 
The most frequent problem encountered during the manufacture of 
cottage cheese from 3x retentate (9.2% protein) is the formation of 
a very tough curd at pH 4.7. The curd was not cuttable with 
conventional curd knives. This problem wa s reduced by heat 
treatment of the retentate prior to cheese making. The heat 
treatment was very critica l because too much heat destroyed curd 
formation and resulted in excessive loss of fines. Too littl e heat 
left the curd too tough to cut. A heat treatment of 76.5°C for 16 
seconds was found to be mos t suitable. Variations of as much as 2°C 
either way caused problems. Use of rennet made the curd even more 
tough to cut. Acidification of the skimmilk to pH 5.8 prior to 
ultrafiltration corrected the problem of translucent and sticky curd 
after addition of cream dressing (R. Raynes, Utah State University, 
Personal Communication, 1984) and helped in the production of good 
quality cottage cheese curd from retentate. 
The adj ustment of retentate by protein instead of TS helped to 
control closely the amount of phosphoric acid and GDL that was used 
with this method and, consequently, setting time of the retentate 
and the final cook temperature were similar when different skimmilk 
was used. 
Acidification with pho sphoric acid to a pH lower than 5.4 
resulted in protein precipitation. Hence decreased curd strength 
increased amount of fine s during cooking and a soft texture was 
observed in the final product. 
The final curd was smooth and firm during cutting. Hence it 
was difficult to cut curd with conventional curd knives. In this 
study, cooking of the curd to temperatures in the range of 58 . 5 t o 
59 . 5 was critical in order to achieve the desired final texture of 
cottage cheese . Curds cooked to a final cook temperature below 
58.5°C were judged too soft and weak; curds cooked to temperatures 
over 59.5 °C were found to be too firm and mealy . 
Composition Ana lysis 
The composition of skimmilk used in this study is shown in 
Table 1. Total solids varied from 8.62 to 9 .0%, protein from 3.16 
to 3.27%, fat from 0. 15 to 0 .76%, lactose from 4.48 to 4.62% and 
cal cium from 0.129 to 0.1 30%. 
Mean composition of uncreamed cottage cheese is shown in 
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Table 2. Uncreamed cottage cheese made from UF retentate was lower 
in moisture than the corresponding control curd in all three trials . 
Thi s re f lected the fact that it wa s nece ssary to cook the UF curd to 
sgoc in order to obtain satisfactory firmness, while the control 
curd was satisfactorily cooked at 57.2°C. Some preliminary 
experiments indicated that if cooked to less than 59°C, UF curd was 
still less than 80% moisture and lacked the desired meatiness of 
good curd. As a result of this moisture difference the percent 
protein in the UF curd was higher than in the control. 
When all the curd was corrected to 80% moisture as shown in 
Table 3, there was no significant difference in protein between the 
UF and regular curd. Calcium content was significantly higher (p< 0.2) 
29 
Table 1. Composition of skimmilk 
Trial I Trial II Trial I I I 
% 
Total solids AV 9.00 8.72 8.62-
so 0.008 0.02 0.04 
Protein AV 3.27 3.25 3.16 
so 0.02 0.03 0.01 
Fat AV 0.76 0.15 0.26 
so 0.009 0.009 0.008 
Lactose AV 4.48 4.62 4.58 
so 0.05 0 .02 0.04 
Calcium AV 0. 129 0. 131 0.130 
so 0.0001 0.002 0.004 
AV = Average 
SO = Standard Deviation 
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Table 2. Mean composition of uncreamed cottage cheese 
% Contro 1 UF LSD 
Moisture AV 78.93 76.98 N.S. 
so 0.87 0.29 
Protein AV 17.22 19.04 1.10 
S[} 0.60 0.22 
Fat AV 1.19 1.13 N.S. 
so 0.18 0.11 
Lactose AV 1.29 1.58 N.S . 
so 0.11 0.35 
Calcium AV 0.048 0.087 0.01 
so 0.007 0.005 
Whey protein AV 0.5755 0.6687 N.S. 
so 0.035 0.006 
AV = Average 
so = Standard Deviation 
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Table 3. Mean composition of uncreamed cottage cheese 
(adjusted to 80% moisture) 
% Control UF LSD 
Moisture AV 80.00 80.00 
Protein AV 16.99 18.15 N.S . 
so 0.42 0. 13 
Fat AV 1.17 1.09 N.S. 
so 0.17 0.11 
Lactose AV 1. 27 1. 52 N.S. 
so 0.12 0.33 
Calcium AV 0.048 0.084 0.040 
so 0.006 0.005 
Whey protein AV 0.546 0. 594 N.S . 
so 0.028 0.017 
AV = Average 
so = Standard Deviation 
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than in control. Matthews et al. (49) reported higher concentration 
of calcium in uncreamed UF cot tage cheese (2x) than regular cheese. 
He attributed it to less solubility of ionic calcium at highe r 
temperature (49"C) which resulted in association .with ~olloidal milk 
proteins. However, protein, fat, whey protein and lactose in both 
UF and control cheese were not significa ntly different (p<0.05). 
The composition of both creamed UF and control cottage cheese 
(Table 4) met U.S. l egal sta nda rds of identity (11). 
Cottage Cheese Yield 
Since it was impossible to recover all the retentate from the 
sma ll batch ul trafiltJ"ation unit, it was necessary to determine the 
amo unt of available retentate by using protein as a reference 
constituent. Protein in the ori gina l milk minus the protein in the 
permeate and permeate rinse water represented the protein in the 
retentate. By testing the protein content of the retentate, it was 
possible to compute the amount of retentate that should result from 
the UF process. The results of three trials are illustra t ed in 
Tab le 5. 
Because of the diffic ulty of getting good UF curd with 20% TS, 
it was necessary to adjust actual yields to a constant total solids 
of 20% for adequate yield comparison. Actual and adjusted yields 
are s hown in Table 5. Actual yields of UF cheese were 0.7 , 7.8, and 
10.4% less than the control, whil e curd adjusted to 80% was 1.71, 
2.43 and 2.5% greater than the control. Also, the amount of cheese 
(adjusted to 80% moisture) produced per kilogram mil k protein 
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Table 4. Mean composition of cottage cheese 
Control UF 
Moisture AV 77.93 76.98 
so 1.17 0.29 
Protein AV 12.69 13.76 
so 0.08 0.41 
Fat AV 5.34 5.13 
so 0. 77 1.03 
Lactose AV 2.10 2.28 
so 0.34 0.34 
Calcium AV 0.069 0.095 
so 0.006 0.008 
AV = Average 
SO = Standard Deviation 

was significantly higher (p(0.05) in UF than control cottage 
cheese . 
Sensory Analysis 
Flavor 
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Mean flavor scores are shown in Figure 3. At o( = 0.05 level, 
there were no significant differences among the cheeses. There-were 
significant differences among judges and trials. UF cottage cheese 
had a very good flavor quality, as did the control cheese. 
Appearance and Color 
Mean appearance and color scores are shown in Figure 4. At 
oZ = 0.05, no significant difference was observed among judges. 
However, there were significant differences among cheese samples and 
trials. No s ignificant difference was observed between control and 
UF cheeses which were judged very good. The UF cottage cheese wa s 
graded better than two of the three commercia l samples and no 
differen t than the third. 
Body and Texture 
Mean body and texture scores are shown in Figure 5. At 
o{= 0.05, no significant differences were observed among judges. 
However, there were significant differences among cheese samples and 
trials . No significant differences were observed between UF and 
control cheeses which were judged very good. The UF cottage cheese 
wa s better than two of the three commercial samp les and equal to 
the third. 
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Figure 3. Means for flavor of cottage cheese samples: control, 
ultrafiltered, brand A directly set, brand B directly set 
and brand C cultured skimmilk. Bars with the same letter 
are not significantly different {p < 0.05). Quality code 
is: 1 ; poor, 2 ; fair, 3 ; good, 4 ; very good, and 
5 ; excellent. 
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Figure 4. Means for appearance and color of cottage cheese samples : 
control, ultrafiltered, brand A directly set, brand B 
directly set and brand C cultured skimmilk. Bars with 
the same letter are not significantly different 
(p ( 0.05). Quality code is: 1 = poor, 2 =fair, 
3 = good, 4 = very good, and 5 = excellent. 
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Figure 5. Means for body and texture of cottage cheese samples: 
control, ultrafiltered, brand A directly set, brand B 
directly set and brand C cultured skimmilk. Bars 
with the same letter are not significantly different 
( p < 0. 05). Qua 1 i ty code is : poor, 2 = fair, 
3 = good, 4 = very good, and 5 excellent. 
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Overall 
Mean overall scores are shown in Figure 6. At o( = 0.05, no 
significant difference was observed among judges. However, the 
cheese and trials were significantly different fr.om each other. No 
significant difference wa s observed between UF and control cheeses 
which were judged very good. Both were better than two of three 
commercial samples and equa l to the third. 
Differences observed amo ng trials probably resulted from the 
use of different skimmilk in each trial. 
These evaluations indicate that the quality of direct acid UF 
cottage cheese was as good as cheese made from normal skimmilk from 
the same lot. Control and exper imental cheeses were judged as good 
or better than commercia l cottage cheese manufactured in this area. 
Sensory scores are summarized in Appendix 6. 
General Observations 
It was difficult to produce UF cottage cheese curd with a total 
solids less than 22-23%. Therefore the s li gh t yield increase that 
was realized by adjusting to 20% total solids probably could not be 
attained under plant conditions. 
Excellent firmness of UF cottage cheese curd at cutting makes 
it a good candidate for continuous cottage cheese making by the 
Ernstrom (25) process. It is recommended that efforts be made to 
use UF skimmilk in the continuous process based on complete 
acidification of cold retentate, then warming in a tubular heat 
exchanger (25). 
Figure 6. Means for overall of cottage cheese samples: 
control, ultrafiltered, brand A directly set, brand B 
directly set and brand C cultured skimmilk. Bars 
with the same letter are not significantly different 
(p(O.OS). Quality code is: 
3 = good, 4 = very good, and 
poor, 2 = fair, 
exce 11 ent. 
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CONC LUSIONS 
1. Cottage cheese wi th good texture and fl avor was made from UF 
skimmi lk retentate (9.1% protein) 
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2. The uncreamed cottage cheese made by ultrafiltered retentate 
was always higher tha n 20% total solids. When not corrected to 
20% total so lids, there was no increase in yield over control. 
3. Wh en co rrected to 20% total so lids , yields of UF curd averaged 
2. 24% greater than the contro l per 100 kg skimmilk and also 
2. 24% greater based on yie ld per kilogram original milk 
protei n. 
4. Un heated retentate formed a curd that was too t ough to cut. 
He ating to 76.5°C for 16 s improved cuttabil ity . Heating to 
higher t emperature resulted in weak, shattered curd. 
5. The UF process resulted in increased production per vat of 
retentate {45% volume reduction). 
6. Cottage cheese curd made from unacidified ultraf iltered 
retentate became transparent and gelatinous after creaming . 
This prob lem wa s elimi nated by acid i ficatio n of skimmilk {pH 
5.8) before ultrafiltrati on. 
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APPENDIX 1 
Cottage Cheese Score Card 
Name Date _____ _ 
Evaluate the following samples for the given criticisms placing 
a checkmark to the right of the appropriate criticisms . Enter a 
numerical value to the right of "score" for each category based on 
the following scale : 
Score De scri~tion 
Excellent 
4 Very good 
3 Good 
2 Fair 
Poor 
If no criticisms are checked, then a score of 5 is given. 
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COTTAGE CHEESE SCORE CARD 
Perfect Sample No. 
Score Criticisms 1 2 3 4 5 
Flavor Contesta nt 
Score 
Grade Score Criticism 
Ac id 
Bitter 
Diacetyl 
Feed 
Fermented/Fru i ty 
Flat 
-
Foreiqn 
Hi_g_h Salt 
Lack s Freshness 
Malty 
Metallic 
Mu sty 
Oxidized 
Rancid 
Uncl ea n 
Yeasty 
Lacks Fine Flavor 
Body and Contestant 
Texture Score 
Grade Score Critici sm 
Flrm/Rubbery 
Ge l at inou s 
Mealy/Grainy 
Pasty 
We ak/ Soft 
(lppearance Contestant 
& Color Score 
Grade Score Critici sm 
Free Cream 
Free Whey 
Lacks Cream 
Matted 
Shattered Curd· 
Sl1my 
Surface d1scolored 
Translucent 
Unna tura Co or 
Allowed perf ec t 5.0 5.0 5.0 5.0 5.0 in contest 
pVERALL Contes tant score 
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APPENDIX 2 
Statistical Tables 
Table 6. Analysis of variance of moisture of uncreamed cottage cheese 
SV df ss MS F Significant 
alpha level 
Treatment 5.6842 5.6842 7.966 N.S. 
Tri al 2 1. oi;go 0.5345 0.7491 N.S . 
Error 2 1.4270 0. 7135 
Tota l 5 
Tab l e 7. Analysis of variance of protein of uncreamed cottage cheese 
sv df ss MS F Significant 
alpha level 
Treatment 4.9323 4.9323 21.03 0.0469 
Trial 2 0.7663 0.3832 1.63 N. S. 
Error 2 0.4690 0.2345 
Total 5 
Table 8. Analysis of variance of fat of uncreamed cottage cheese 
SV df ss MS F Significant 
alpha level 
Treatment 0.0043 0.0043 0. 2774 N.S . 
Trial 2 0.1051 0.0526 3.390 N.S. 
Error 2 0. 031 0.0155 
Total 5 
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Table 9. Analysis of variance of 1 actose of uncreamed cottage cheese 
SV df ss MS F Significant 
alpha level 
Treatmeht 0.126 2 0.1262 2.59 N. S. 
Trial 2 0.3008 0 .1504 3.09 N.S. 
Error 2 0.0973 0. 0487 
Total 5 
Table 10 . Anal ys i s of variance of calcium of uncreamed cottage cheese 
sv df ss MS F Significant 
alpha l eve l 
Treatment 2.20 X 10-3 2.20 X 10-3 110 0.0094 
Trial 2 1. 23 X 10-4 6.15 X 10-5 3.075 N.S . 
Error 2 4.0 X 10-5 2.0 X 10-5 
Total 
Table 11. Analysis of variance of whey protein of uncreamed cottage 
cheese 
SV df ss MS F Significant 
alpha level 
Treatment 4.196 X 10-5 4.1958 2.3283 N.S. 
Trial 2 2.7958 1. 3979 0. 7757 N.S. 
Error 2 3. 6042 1.8021 
Total 5 
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Table 12. Analysis of variance of protein of uncreamed cottage cheese 
(adjusted to 80% moisture) 
SV df ss MS F Significant 
alpha level 
Treatment 2.6666 2.6666 16.96 N. S. 
Tri al 0.4392 0.2196 1.40 N.S . 
Error 2 0.3145 0.1572 
Total 5 
Table 13. Analys i s of variance of fat of uncreamed cottage cheese 
(adjusted to 80% moisture) 
sv df ss MS F Significant 
alpha level 
Treatment 4.7833 X 10-3 4.7833 X 10-3 0.52 N.S. 
Trial 2 100 .0833 X 10-3 50.0417 X 10-3 5.43 N. S. 
Error 2 !8.4166 X 10-3 9.2083 X 10-3 
Total 5 
Table 14. Analysis of variance of lactose of uncreamed cottage cheese 
(adjusted to 80% moisture) 
sv df ss MS F Significant 
alpha level 
Treatme nt 0.091233 0.0912 2.3030 N. S. 
Trial 2 0.2956 0.1479 3.7348 N.S . 
Error 2 0.07927 0.0396 
Tota l 5 
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Table 15. Analysis of variance of calcium of uncreamed cottage cheese 
{adjusted to 80% moi sture) 
SV df ss MS F Significant 
alpha level 
Treatment 1. 9473 X 10-3 1. 9473 X 10-3 62.18 0.019 
Trial 2 0.1073 X 10-3 0.0537 X 10-3 1. 72 N.S. 
Error 2 0.06267 X 10-3 0.03134 X 10-3 
To ta l 
Table 16. Analysis of variance of whey protein of uncreamed cottage 
cheese (adjusted to 80% moisture) 
sv df ss MS F Significant 
alph a l eve l 
Treatment 2.1235 X 10-4 2.1235 X 10-4 14 .20 N. S. 
Tri a l 0.458 X 10-4 0.229 X 10-4 1.53 N.S. 
Error 2 0.299 X 10-4 0.1495 X 10-4 
Total 5 
Table 17. Analysis of varian ce of mean weight of uncreamed 
cottage cheese per 100 kg of skim milk. 
Source 
Treatment 
Trial 
Error 
Total 
df 
2 
2 
5 
MS 
0 .1734 
0.5955 
0.0018 
94.75 
325 . 41 
Significant 
a 1 ph a 1 eve 1 
0.0109 
0.0044 
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Table 18. Analysis of variance of mean weight of uncreamed 
cottage cheese per kg of protein. 
SV 
Treatment 
Trial 
Error 
df 
2 
2 
Total 5 
MS 
0.2204 
0.0101 
0.0009 
F 
259.29 
11.88 
Significant 
alpha level 
0.0047 
N.S. 
Table 19. Analysis of variance of sensory evaluation for 
flavor of cottage cheese samples. 
Significant 
SV df MS F alpha-level 
Treatment 4 0. 7145 0.4633 N.S. 
Judge 3 8.004 5.1893 0 . 0136 
Error A 12 1.5424 
Trial 2 1.9542 5.0800 0.0139 
Trial x Treatment 8 0.3396 0.8828 N.S. 
Error 8 30 0.3847 
Total 59 
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Table 20. Analysis of variance of sensory evaluation for 
appearance and color of cottage cheese samples. 
Significant 
SV df MS F alpha level 
Treatment 4 4.2042 3.6960 0.0373 
Judge 3 0.6444 0.5665 N.S. 
Error A 12 1.1375 
Trial 2 1. 6625 3.7520 0.0374 
Trial x Treatment 8 0.8604 1. 9418 N.S. 
Error B 30 0.4431 
Total 59 0.9475 
Table 21. Analysis of variance of sensory evaluation for 
body and texture of cottage cheese samples. 
Significant 
SV df MS F a lpha leve l 
Treatment 4 4.9104 3.7473 0.0358 
Judge 3 4.550 3. 4720 N.S. 
Error A 12 1.3104 
Trial 2 1. 6667 3.6367 0.0407 
Trial x Treatment 8 1.1104 2.4229 0.0398 
Error B -30 0.4583 
Total 59 1. 2150 
Table 22. Analysis of variance of sensory evaluation for 
overall of cottage cheese samples. 
SV df MS F 
Treatment 4 4.8063 4.5866 
Judge 3 1. 5010 1. 4324 
Error A 12 1.0479 
Trial 2 6.3542 18.1031 
Trial x Treatment 8 1.1313 3.2231 
Error B 30 0.3510 
Tot a l 59 0.9493 
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Significant 
alpha level 
0.0196 
N. S. 
0.0005 
0.0094 
APPENDIX 3 
ComEosition of uncreamed cottage cheese 
Trial I Trial I I Trial I I I 
% Contra l UF Contra l UF Contra l UF 
Moisture AV 77.88 77.27 78.91 76.59 80.00 77.09 
SD 0.22 0.021 0.04 0.009 0.23 0.13 
Protein AV 17.83 19.32 17.44 18.79 16.40 19.00 
so 0.25 0.25 0.25 0 .24 0.23 0.22 
Fat AV 1. 32 1. 29 1. 31 1.07 0.93 1.04 
so 0.016 0.026 0.029 0.017 0.012 0.017 
Lactose AV 1.14 1.10 1. 40 I. 73 1. 33 1. 91 
so 0.05 0.017 0.057 0.07 0.04 0.06 
Calcium AV 0.0525 0.0932 0.0533 0.0823 0.039 0.085 
so 0.003 0.003 0.004 0.0002 0.0002 0.0002 
Whey Protein AV 0.5767 0.6627 0.6176 0. 6776 0.5321 0.6658 
so 0.02 0.059 0.02 0.021 0.0 1 0.029 
AV = Average 
SO = Standard Deviation C'> 
C'> 
Appendix 4 
Composition of cottage cheese 
Trial I Trial I I 
% Control UF Contro l UF 
Moisture AV 76.24 77.27 78.70 76.59 
so 0.05 0.02 0. 16 0.009 
Protein AV 12.70 13.18 12.78 14.04 
so 0.009 0. 02 0.06 0.03 
Fat AV 5.93 6.57 5. 84 4.62 
so 0. 12 0.03 0. 05 0.11 
Lactose AV 1.63 1.81 2.40 2.56 
so 0.13 0.009 0.13 0.13 
Calcium AV 0.075 0.106 0.070 0.090 
so 0.0003 0. 0002 0. 0004 0.002 
AV = Average 
SO = Standard Dev iat ion 
Trial II I 
Control UF 
78.83 77.09 
0.05 0. 13 
12.59 14.06 
0.03 0. 08 
4.26 4.21 
0.13 0. 13 
2.28 2.50 
0. 05 0.11 
0.061 0. 089 
0.0004 0.002 
"" ..... 
Appendix 5 
Composition of uncreamed cottage cheese (adjusted to 80% moisture) 
Trial I Trial II Tri al III 
% Control UF Control UF Control UF 
Moisture 80.00 80 .00 80 .00 80 .00 80.00 80 .00 
Protein 17.36 18.16 17.20 17.99 16.40 18.31 
Fat 1.29 1. 25 1. 29 1.02 0.93 1.00 
Lactose 1.11 1. 06 1. 38 1.66 1. 33 1.84 
Calcium 0.052 0.090 0.052 0.079 0.039 0.082 
Whey protein 0.521 0.583 0. 586 0.619 0.532 0.581 
0\ 
en 
APPENDIX 6 
Mean sensor~ scores for cottage cheese sam~les 
Sam~les Flavor A~~earance & Color Bod~ & Texture Overall 
Control 3.63a ± 0 .062 3.38abc ± 0.056 3.75bc ± 0.015 3.58c ± 0.032 
UF 3.50a ± 0.077 3.80c ± 0.023 4.08c ± 0.023 3.73c ± 0.044 
Commercial A 3.46a ± 0.062 3.29abc ± 0.062 3.04ab ± 0.062 3.21bc ± 0.058 
Commercial B 3 .. 04a ± 0.032 2.63a ± 0.015 2.46a ± 0.024 2.29a ± 0.023 
Commercial · C 2.75a ± 0.053 2. 79ab ± 0.112 3.21abc ± 0.109 2.42ab ± 0.099 
LSD 0.990 0.853 0.916 0.819 
Means in the same column with the same letter are not significantly different (p < 0.05). 
Each mean is the average of 12 responses. 
Product was rated on a grading scale of 1 = poor, 2 = fair, 3 = good, 4 = very good and 
5 =excellent 
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PROJECT TITLE: Cogeneration of Biogas and Single Cell Protein From 
Ultrafiltration Permeate and Whey 
11. Project Detail s 
Objectives: 
Preliminary studies we have completed indicate that the UASB 
digester has great potential to benefit the dairy industry through 
co-production of biological protein and biogas and pretreatment of 
liquid wastes. However, we have not yet determined optimal process 
parameters or how the process will work on ultrafiltration permeate from 
milk or whey. We would expect from our related work that permeate will 
require shorter hydraulic retention times than whole whey. We do not 
yet know the yield or quality of biogas or biological protein that can 
be produced from permeate. Nor do we know the maximum efficiency of 
pollutant (e.g. biochemical oxygen demand (BOO) and chemical oxygen 
demand (COO), TS, nitrogen and phosphorus) removal . Therefore, we 
propose to : 
1. Digest whole whey and whey milk permeate in a novel, computer 
controlled, anaerobic digester that coproduces biological protein 
and biogas. 
2. Investigate the effect of suppl€menta1 micronutrient and 
macronutrient addition on overall reactor stability and 
performance. 
3. Investigate quantity and quality of biological protein and methane 
that can be produced by determining mass balance relationships 
(kinetics) between organics removal, methane production and 
biological protein production. 
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PROJECT TITLE : Cogeneration of Biogas and Single Cell Protein From 
Ultraf i l t ration Permeate and Whey 
Ba ckground Informat ion : (continued) 
Ross (1 984) also conducted a compositional analysis of the sludge 
pellets and found them to contain 90% VSS, with some 66% of their total 
ma ss represented as crude protein, and 11 to 12.5% being nitrogen . The 
high protein content of this material makes it attractive for use as a 
potential protein source for livestock. Hansen (1985) conducted 
preliminary investigations related to the potential of this UASB pellet 
materi al as a feed substitute for young male and female mice. A control 
group ~la S fed comme rcial mouse feed, While a treatment group WaS 
fed commercial mouse feed with an amendment of 10% UASB pellet single 
cell protein (SCP) material over a two month period. At the end of the 
study peri od, no statistically s ignificant clinical behavioral nor mouse 
body weight differences were observed between the two groups, suggesting 
the fea si bi lity of the use of such SCP as a safe and cost effective feed 
amendment and protein source. 
Summa ry. The upflow anaerobic sludge blanket process has been 
actively researched since its conception in the late 1970's. Much of 
the research has involved treatment of~ .carbohydrate type wastes. Data 
for whey/permeate is limited however. A considerable amount of work has 
been done with UASB digestion of dairy plant waste which has a 
compos i tion significantly different than cheese whey/permeate. There 
are no known data on the value or quantity of biological protein that 
can be harvested from a UASB digester. It has been well established 
that anaerobic biological protein has a significantly· different amino 
acid composition than aerobically generated solids and it is usually 
--, .. , ,.......,.., -vatuatrtea:s-anani mal feed supp~-Resul tSI:lf<:mr- prev1 ous- - - - -
PROJECT TITLE: Cogeneration of Biogas and Single Cell Protein From 
Ultrafiltration Permeate and Whey 
Summary : (continued) 
work with UASB treatment of a meat processing waste suggest that the 
biological protein produced by the UASB has significant value as an 
animal feed supplement. 
It appears that the UASB reactor represents a feasible and viable 
alternative for the anaerobic treatment of high COD/lactose whey and 
permeate wastes that provides the benefits of high solids retention time 
fixed-film systems. These benefits include high process loading rates 
and process stability. The UASB avoids the limitations associated with 
fixed-film systems, ie., high media costs, use of reactor volume by 
reactor media, potential reactor clogging characteristics, and lack of 
reactor SRT control. UASB sludge pellet formation data, although 
limited, also indicate that carbohydrate wastes, such as whey permeate, 
are particularly well suited for sludge blanket formation. Because the 
UASB reactor provides a mechanism for sludge bed SRT control, it allows 
for both COO removal/waste treatment optimization and maximization of 
sludge production for recovery of valuable SCP, and consequently, 
'1;? ;· 
optima 1 tota 1 product recovery. The UASB represents a'thighly promising 
process for the -effective treatment of whole whey and ;Whey permeate that 
can represent an efficient and cost-effective treatment option once 
design limitations and process operating characteristics are classified 
for this waste stream. 
PROJECT TITLE: Cogeneration of Biogas and Single Cell Protein From 
Ultrafiltration Permeate and Whey 
Des ign of Proposed Project: 
Apparatus: 
An improved UASB reactor configuration for the optimal treatment of 
whey/pe rmeate has been developed in the Nutrition and Food Sciences 
Department at Utah State University. Features of the reactor include 
computer control of loading schedule, pH, and temperature. Values of 
pH, temperature, gas production and loading rate will be automatically 
acquired and recorded. The computer monitors and controls pH via a New 
Brunswick model pH-40 controller. Gas production is monitored -with a 
unique device developed in our laboratory (Figure 2). The computer will 
control loading based on a given set point and loading schedule unles s 
there is a sharp or rapid drop in pH which triggers an alarm and stops 
the loading operation . 
A Leading Edge model 0 microcomputer with Metrabyte DASCON 1 
interface is used for data acquisiti on and process control. Loading 
rate is controlled with a computer controlled feed pump . Temperature 
is controll~d with a mercury thermoregulator. The computer will keep 
records of temperature, pH, loading rate, loading· schedule and gas 
production. 
Analyses : 
Reactor performance will be eva 1 ua ted based on COO and BOO remova 1 , 
volatile acids concentration, nutrient (N, P and Ca) removal, and gas 
and SCP production and quality. Gas quality is based onmethane 
percentage. SCP quality is based on amino-acid composition. All 
analyses will be conducted in accordance with standard techniques 
----- --{Stanaar<l ·Methods·, "APHE ; -AW'iii\;"Yil'CF tm·;1@] fl."Hlnimeyer, et -a1 :-;--
_1984). Equipment and facilities available for all analyses are detailed 
under Available Facilities and Equipment. 
Methodology: 
Whey and Permeate Digestion Experimental Design 
Research pertaining to the first objective will evaluate the 
effects of five major variables on the performance of our UASB system. 
These variables are 1) the loading schedule, i.e. continuous vs. slug 
loading of the reactor, 2) the loading rate (mass of feed per unit 
reactor volume per day), 3) the hydraulic residence time, 4) the solids 
retention time (a surrogate variable used to describe the mean cell 
residence time of the active biomass in the system), and 5) the reaction 
temperature. 
A considerable acclimation time is required to evaluate the effect 
of each variable . Usually a period of three to four times the solids 
residence time (SRT) is required to ensure that the reactor has 
stabilized under the new set of experimental conditions. As typical 
SRTs are on the order of 5 to 15 days, anywhere from 15 to 60 days are 
required to complete one run. Since the number of variables of interest 
is quite large, even if only two levels of each variable ;:are~studied, 
' •, 
from 150 to 600 days would be required for the first phase'·of the 
testing using duplicate reactors. 
Factorial experimental designs are efficient for finding · the 
magnitude of the linear effects of several variables and the 
interactions between those variables (Box, et al., 1978). To visualize 
this design, consider the study of 2 variables, say x1 and x2 at two 
levels each. The magnitudes of the variables are scaled ·so that they 
can be coded as -1 for a low level and +1 for a high level. Using the 
factorial des ign, experiments are run at all combinations of levels of 
the variables. For n ; 2 variables at two levels, the combinations are 
(X1, x2); (-1, -1), (1, -1), (-1, 1), and (1, 1). In general, the 
number of experiments required for n variables at m levels is mn. Thus 
for n ; 2 and m ; 2 the number of runs is 22 ; 4. A model for the 
effects of the variables and the interactions between the variables' is 
y; b
0 
+ b1x1 + b2x2 + b12x1x2 + e (1) 
where y is the value of the dependent variable (eg. gas production rate, 
single cell protein production rate, etc.), x1 and x2 are the levels of 
the independent variables (eg. temperature, loading rate, etc.), b1 and 
b2 are the coefficients for the effects of the variables, estimated from 
the data, b12 is the coefficient for the interaction between the main 
variables, b0 is the value of y when x1 = x2 = 0, and e is the error. 
The coefficients b1 and b2 estimate the change in the dependent variable 
when the values of the independent variables are changed from ·Q to +1 . 
The term "main effects" is used to estimate the effect of changing the 
levels of the independent variables from -1 to l, so that the values of 
b1 and b2 are equal to l/2 the values of the main effects. 
When many variables are to be studied at once, the number of runs 
can be reduced by associating some of the main effects ·with high order 
interactions between variables. This type of design is known as a 
fractional factorial design . for the experiments proposed here, n c 5, 
so that for a full factorial design at two levels (m c 2), . the number of 
runs is 25 = 32. If two of the variables can be associated with high 
. 5-2 f he order interactions, then the number of runs 1s 2 ~B. ·In act, t 
highest number of variables that can be studied in k runs, assuming that 
---·-·--- --- ~1~-~~t':r:._ac_t.!~:.__are _n~g)2_g_!~~·-~_':::l__.~~~n_Lt_h~. _frac!i~~ _!a~to~i_al .· _ 
experimenta l des ign very efficient for se lecting a subset of important 
variables from a large number of candidates. 
The des ign chosen for this study is a 25-2 fractional factorial 
design and is described in Table I. This 8 run design allows the 
independent estimation of the main effects of loading schedule, loading 
rate, and HRT while the main effects of SRT and temperature are 
confounded with the three-way interaction between loading schedule, 
loading rate, and HRT, and the two way interaction between loading rate 
and HRT, respectively. The model to be used to estimate the main 
effects i s 
y = b
0 
+ b1x1 + b2x2 = b3x3 = b4*x4 + b5*x5 + e 
* these effects are confounded with interactions 
Each run will be randomized, that is the eight runs will be done in 
random order so that the statistical significance tests are not 
comp romis ed. 
Further time savings will be realized by providing more than one 
experimental apparatus. A total of four units each similar to the one 
shown in Fig . 1, will be operated in parallel; two will be run as 
duplicates to assess the expected variability betweeri~duplicate 
reactors, while the remaining two will be operated a·s~set.' t~ut in Table 
1. The two duplicate reactors will be randomly assigned among the four 
available -during each time period so that an unbiased .estimate of the 
between reactor variance can be obtained. It is expected that the 
between reactor variance will be the same for all experimental 
conditions, and can be used when estimating the stati_stical significance 
of the main effects and interactions . 
.... ._;,; ., ~- -~ ·\.... 
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The runs set out in this design will require 4 SRTs to stabilize 
before data collection for comparison of performance can begin. Three 
experimental periods will be needed to carry out all runs since, with 
four reactors using one duplicate, three runs can be done during one 
period . The system will be operated for 4 times the longest SRT in each 
group of l2 days or 60 days. Assuming one week of maintenance between 
time periods, about 200 days, or 6.5 months, is required for completion 
of this phase of the research. At the end of this period, estimates of 
the main effects will be calculated and variables will either be 
retained or eliminated for the next set of runs . 
This experiment demands frequent (several times weekly) wastewater 
analyses including: influent, effluent and reactor COD, solids (TS, SS, 
VSS) and volatile acids. Therefore, a technician will be needed to 
perform the necessary laboratory work and calculations. 
Micronutrient Addition Experimental Design 
Rationale 
It has become apparent from recent advances in the application of 
anaerobic systems to industrial waste treatment that due to the unique 
nature of nutritional requirments of the methane producin!f,organisms, 
consideration of only the traditional nutrient levels, i.e;, nitrogen 
and phosphorous, is not sufficient for an adequate assessment of the 
true anaerobic treatability of these wastes (Speece 1983). Such trace 
elements as iron, cobalt, nickel and sulfide have been shown to be of 
particular importance to the growth and reproduction of the methanogens, 
and consequently to the ultimate success of waste stabilization 
utilizing anaerobic processes (Speece and McCarty, 1964; Hoban and Van 
den S~g. 1979; Owen, et al., 1979; Diekert, et a1., J98l_; , Scherer and 
-- ·- --- - - - -·- -- . --- - -- -- -- ------- - - -- -- ·----- -· ---.o-a.---.,·--·---------- --
Sahm, 1981). Because of the growing realization of the importance of 
these trace minerals to the performance of anaerobic waste treatment, a 
preliminary degradation in the UASB reactors will be conducted using 
batch bioassay procedures with UASB sludge that has been developed in 
preliminary .studies. 
Experimental Design 
The micronutrient addition experiments will be conducted over a 
four week period during which time gas volume and composition 
measurements will be made according to the following schedule: 
Week 1: Volume and composition measurements made daily 
Week 2: Volume and composition measurements made every 2 days 
Weeks 3 & 4: Volume and composition measurements ·made every 3 days 
Triplicate reactors will be used for each treatment condition 
employed in the factorial design presented in Table 2. As indicated in 
Table 2, a total of 16 X 3 = 48 reactors will be required for evaluation 
of the effect of iron, cobalt/molybdenum, nickel and sulfur additions on 
the treatability of whey permeate waste using UASB reactor sludge. This 
experimental design will allow the identification of optimal 
micronutrient addition treatment(s), either as in~i~:id~al elements or as 
components of a complex nutrient mixture, that wn~~e ':utilized in full 
:·; 
scale sludge bed treatment studies during subsequent'phases of the 
project. 
Experimental Procedures: 
Treatability assays will be conducted according to procedures 
described by Owens, et al. (1981) utilizing 250 ml glass serum bottles. 
The procedures entail the preparation of various sample/defined media 
solutions whi_c~ _ar~ ~na:r:,o_~! c~-~ ly _i ncu_?ate~ _for 30 days at 25 ~~ _ ~·:.~·--- _ ___ _ 
during which time gas volume and methane composition data are monitored. 
Anaerobic treatability is expressed as ml methane/g COD in the sample 
for each waste assayed, with comparison made with respect to an unfed 
control sample. Treatability assays conducted in this study will be 
odified slightly to include : 1) unamended* UASB sludge samples as an 
unfed control, 2) unamended UASB sludge fed whey permeate waste to'2 g 
COD/1 as a fed control, and 3) micronutrient amended UASB sludge 
combinations (as per Table 2) as the treatment samples. Levels of 
micronutrient amendment to be used are based on recommended literature 
values for methanogen nutrient requirements. Micronutrinets are to be 
added to the raw whey permeate waste to produce the following solution 
concentrations: 
Iron ; 345 mg/g COD as FeC1 2.4H2o 
Cobolt ; 28 mg/g COD as CoC1 2.6H20 
Molybdenum,; 2.4 mg/g COD as Na2Moo4.2H20 
Nickel ; 0.7 mg/g COD as NiC1 2 
Sulfur ; 233 mg/g COD as Na2S.9H20 
(Owen et al . 1979) 
(Owen et al . 1979) 
(Owen et al. 1979) 
(Dickert et al. 1981) 
(Owen et al . 1979) 
~as volume and composition measurements will be made using 
gas-tight glass syringes (Owens et al . 1981), with gas composition 
determined using gas chromatographic procedures for the separation and 
quantification of primary components of the product gas, i.e., methane, 
carbon dioxide, oxygen, nitrogen and hydrogen sulfide. Gas volume and 
composition data collected over the study period according to the 
schedule presented above will be analyzed within the factorial design 
* The term unamended pertains to micronutrients. Macronutrients {NP & k) 
will be added when necessary to insure sufficiency for the 
________ ~i~!:0~~9!_!!i_S~---------·--- · - . _., 
described earlier to iden tify the optimal treatment(s) to be appli ed i n 
full scale experimentation. Optimal treatment(s) will be identified 
based on maximum methane production rate and methane per gram COD 
removed results observed during incubation. 
Time Schedule 
The following time schedule is proposed for the completion of 'the 
micronutrient addition treatability studies. This schedule includes the 
requisite comprehensive waste evaluation, data collection and data 
evaluation periods necessary for successful determination of optimal 
treatment options . 
,----------- -----
Biological Protein and Methane Production 
One of the advantages of the UASB system is that excess cell mass 
(biological protein) can be easily removed. Periodic "harvesting• of 
biological protein, if done in a proper manner, will help insure well 
performing reactors. 
during this part of the research reactors will be operated in an 
optimal fashion based on data collected for objectives one and two. 
Optimum performance is when the reactors are removing the greatest 
amount of BOD (or COD) per unit time while producing an acceptably clean 
effluent. The amount of biological protein that can be removed_ without 
s ignificantly lowering the efficiency of the reactors can be estimated 
us ing COD balances. COD removed from substrate is converted either into 
biogas (methane, carbon dioxide) or new cells. Lactose is the 
constituent in whey and permeate that contributes most of the COD and is 
mos t readily removed with the short hydraulic retention times in UASB 
reactor. The stoichiometry of lactose conversion to biogas is: 
(1) 
for a 4.45% lactose solution (simi1ar to composition of whey): 
44.5 g 1actose X 1 mo1e lactose __ 6 X 44.5 X 22.4 1 CH4 
1 1 solut1on 342 g -~ mole CH4 
17.481 CH4 (at standard temperature and pressure) per 1 of 
lac tose solution 
Theo retical COD value of 1 1 of 1actose so1ution: 
c12H22o11 X 1202 12C02 + 11 H2o 
12 mole 0 X 32 g X 1 mole 1actose 2 mole 02 342 g 
(2) 
1.1228 g·g-l lactose 
1_1228 X 44.5 g lactose; 49.96 g COD per 1 lactose solution 
1 1 lactose solution 
Phase 1: Waste Evaluation Month 
Pha se 2: Treatability Assays Month 
Phase 3: Data Reduction and Evaluation Month 
TOTAL 3 Months 
Table 2. Factorial design table for micronutrient addition experiments 
Runs Fe Co/Mo NH s 
1 -1 -1 -1 -1 
2 1 -1 -1 -1 
3 -1 1 -1 -1 
4 1 1 -1 -1 
5 -1 -1 1 -1 
6 1 -1 1 -1 
7 -1 1 1 -1 
8 1 1 1 -1 
9 -1 -1 -1 1 
10 1 -1 -1 1 
11 -1 1 -1 1 
12 1 1 -1 1 
13 -1 -1 1 1 
14 1 -1 1 1 
l5 -1 1 1 1 
16 1 1 1 1 
-1 indicates LACK OF ADDITION of following levels of micronutrients 
1 indicates ADDITION of following levels of micronutrients 
Fe = 345 mg/g COO as F~C12.4H20 
Co/Mo = 28 mg/g COO as CoC12.~H20 and 
2.4 mg/g COD as Na2Mo04.2H20 
Ni = 0.7 mg/g COO as NiC12 
S = 233 mg/g COO as Na2S.9H20 
Predicted biogas yield: 
12.48 --~ CH4 per g of COD added 49.96 --
The mass of cells (biological protein) that can be produced per g 
of lactose can be illustrated with a carbon balance. The general 
formula for cell mass is C5H7No2, therefore 1 mole lactose can supply 
carbon to produce 2.4 mole of cell mass or 271 g cell mass per 342 g of 
lactose. This is also equivalent to 0.79 g cell mass ·g-l lactose . The 
amount of cell mass that can be produced on the basis of COD removed is 
found by dividing the cell yield int~ the theoretical COD value for 1 g 
of lactose or 1.1228 g·g-l lactose: 
1.1 228 g.g-1 lactose= 1.42 g COD.g-1 cell ·mass (3) 
0. 79 g·g 1 lactose --
Knowing that 350 ml of methane can be produced or 0.7 g of cell mass can 
be produced per g of theoretical COD removed, we can establish mass 
balance relationships between organics' removal (COD removal). methane 
production and biological protein production. We recognize that there 
are components in whey other than lactose that may have a significant 
contribution to methane producti,on . a!'.~c.cell synthesis. However, the 
.;;:: . '· <t:kt 
simplified model is a good starting ·point. A more complex model will be 
developed if necessary. 
COD removal will be determined with standrad analysis (APHA, 1975) 
performed at least bi-weekly. BOD's will also be run periodically to 
establish a BOO/COD ratio. Gas production will be measured by acidified 
water displacement in a container of known volume. The methane 
percentage in the gas will be measured using gas chromatography. 
Biological protein will be harvested from the effluent by 
---- --- --. -Sedimentation .if-i.t..wilJ..settle~l'-.byicentr-i.fugat.ion •. Jhis . .mater.iaJ _ __ _ . 
::,:.~. 
will be dried, weighed, and analyzed to establish an amino acid profil e. 
In addition, biological protein may be harvested from the sludge bed of 
the reactors. 
Three reactors will be used for this aspect of the work each loaded 
at the same optional rate. Reactor one will be kept as a control, no 
harvesting of cell mass; reactor two will be overharvested--cell mass 
extracted from the effluent and taken from the sludge bed is slightly 
greater than the theoretical production of cell mass - until efficiency 
begins to drop. Reactor three will be harvested at the theoretical 
production rate. Solids anlayses (total, suspended and volatile 
suspended) will be run on a regular basis along with the COD analyses . 
Harvested biological protein will be analyzed weekly for protein 
content by the Kjeldahl method. At least three amino acid analyses 
using HPLC (precolumn derivatization with phenylisothiocyante) will be 
run on composite samples to determine protein quality. Samples will be 
dried at l00°C and frozen to enable storage until a sufficient amount of 
composite sample has been collected for amino acid analyses. Amino acid 
anlayses will be performed in our laboratories by a technician and 
graduate student under the direction of the principal investigator. The 
~xperimental portion of this work will be accomplished in 6 months and 
an additional month will be needed for data reduction. 
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Figure 1. Anerobic reac~or 
Principle of operation : 
Sludge bed forms in the bottom where 
lactose and other components of whey/ 
permeate are converted to organic acids. 
These acids diffuse into the upper, 
floating sludge bed, which converts 
organic acids to biogas and biological 
,11 . protein . 
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Figure 2. Biogas collection and volume measurement system. 
Principle of operation : Biogas forces water to container B 
from A. Water level is detected by reed switch which 
temporarily opens solonoid valve 2 and closes valve 1 until 
water returns to A. The reed switch also signals the· 
~omputer, which logs ~he time of the event . 
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Available Facilities and Equipment: 
Food engineering laboratories contain over 3000 ft 2. All utilities 
are available including steam and compressed air. A large amount of 
freezer and refrigerated space is available. Fermentations can be. 
carried out in a temperature controlled room. 
The Water Research Laboratory Environmental Quality Lab is 11,000 
ft 2 and includes 1) a microbiology complex for bacterial, algae and 
viral research; 2) four constant temperature bioassay and research labs; 
and 3) a 4800 ft2 wet chemistry laboratory. 
Media . Whey is available from the university dairy processing 
facility which is part of the Dept. of Nutrition and Food Sciences. The 
facility supplies dairy products to the campus and local community. 
Whey or mille permeate can be made from equipment available in 
departmental laboratories or it can be obtained from cheese processors 
within 5 mil es of campus. 
Bench Scale Waste -Treatment Facilities. Complete facilities are 
available for .bench :.and .• _pilot-scale industrial waste treatment / A 1500 -·i> 
ft2 welding, electrf~aliand -carpentry shop is available for fabricating 
bench scale systems~ - ;;"A . staff of these skilled physical shop staff can 
construct laboratory,sca1e fermentors and other equipment designed by 
the personnel on the project. 
Control Equipment -- pH and Temperature. Automatic pH and 
temperature control apparatus are available. The food engineering 
laboratories are emphasizing computer based process control and data 
acquisition . Computers •and ';c1nterfacing equipment are being acquired as 
- . 
·------r~pidly- a~- -p;;s ;bie with · appropriated (st;i;;)-fund-s~ -O~c~ -th~~-- --~ --- - ---
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Available Facilities and Equipment: (continued) 
computer based systems are available, pH and temperature control 
apparatus will be interfaced to the computer for added versatility and 
more efficient handling of data. 
Analytical Capabilities. Major Ion and Nutrient Analyses can be 
performed using a Technicon Autoanalyzer II dual channel automated 
analytical system with dual channel digital printer. Titrimetric 
{indicators and pH meters available), colorimetric, and potentiometric 
millivolt methods are also available. Balances, differential fraction 
collectors, centrifuges, filtration apparatus as well as all common 
laboratory glassware (flasks, beakers, bottles, burettes, pipettes, 
etc.) are available. 
Trace Metal Analyses can be performed with an atomic absorption 
spectrophotometer (Perkin-Elmer Zeeman/5000 System). Present capability 
exists for Al, Ag, As, B, Ba, Ca, Cd, Co, Cr, Cu, Fe, Hg, K, Mg, Mn, Mo, 
Na, Ni, Pb, Se, and Zn using either flame or flameless techniques. 
A rapid sequential inductively coupled plasma emission spectrometer 
has been acquired through funds provided by the National Science 
~oundation Equipment Grant Program. This instrument can analyze for the 
same elements as the atomic absorption spectrophotometer, as well as 
phosphorus, silicon, and sulfur. Analyses can be performed at rates in 
excess of 15 elements per minute using a demountable torch and 
corrosion-resistant spray chamber with a corrosion-resistant cross flow 
nebulizer. Typical analytical precision is better than 3 percent 
relative at this high speed. If better precision is required, i.e., 
less than 1 percent relative, a- slower speed may be selected. Be.cause 
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it is a sequential system, analyses are performed at the optimum 
analytical wavelength for each element being determined and each matrix 
being analyzed. Unique software permits the analyst to develop 
optimized procedures for the analysis being performed and to store these 
methods on floppy disk for recall and use at a later time. Data may be 
transferred to a mainframe computer for manipulation at a later ti.Jile or 
transferred to a different laboratory for comparative work. ·:: >:~ .. , 
Organic Analyses includ i ng biogas can be obtained by using 
individual analyses with gas chromatography (thermal conductivity, flame 
ionization, electron capture, and nitrogen-phosphorus detectors) using 
programmed temperature and flow control. The nitrogen-phosphorus 
detector is a variation on flame ionization, and is selective and 
extremely sensitive to compounds containingly only nitrogen and 
phosphorus . Two new Hewlett Packard 5880 gas chromatographs provide 
quality organic analysis. These gas chromatographs are equipped with 
BASIC programming capabilities (2JK bytes), and one is equfpped ·:with' a 
·,x: 
Hewlett Packard 7672A automatic injector capable of consecutive ' • <~f< 
injection of 99 samples. A Gas Chromatograph/Mass Spectrometer/Data 
System (Hewlett-Packard 5985) is capable of both chemical ionization and 
electron impact mass spectrometric analysis of chemical residues using a 
quadrupole analyzer (mass spectral range from 10 to 1000 amu). The 
instrument has multiple capabilities of sample introduction to the dual 
switchable EI/CI ionization source (gas inlet probe, direct introduction 
probe and gas chromatographic inlets for both direct and jet 
..... - - -- -- . ----- - --------,. ________________  
separation). The gas chromatograph is fully temperature programmable ' 
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with an oven capable of housing packed columns as well as capillary 
columns. It is also equipped with a single FlO detector. The data 
system (32K word memory) can perform data acquisition, background 
spectra subtraction, tabulation and library searching for both 
qualitative and quantitative analysis. The unit is also equipped with 
hard copy capabilities for both the gas chromatograph and the mass 
spectral data. 
Thin layer and column chromatography equipment are also available. 
A Perkin-Elmer Series 4 high performance liquid chromatograph equipped 
with autosampler, quaternary solvent delivery, programmable wavelength 
UV and fluorescence detector, and normal and reverse phase gradient 
elution capabilities is also available at the UWRL for evaluation of 
complex organic mixtures in liquid, air or soil samples. 
Organic nitrogen analyses are performed using persulfate oxidation 
or as total nitrogen (Coleman Nitrogen Analyzer). BOD, COD, and TOC 
(Oceanographic International Carbon Analyzer) are also routinely 
analyzed. 
Other equipment for characterizing the organic complement include: 
a Perkin-Elmer 599 infrared spectrophotometer, a JEOL FX-90-Q nuclear 
magnetic resonance spectrometer, a Cary 219 UV-Vis spectrophotometer, 
and Varian KL-300 superconducting FT nuclear magnetic resonance 
spectrometers, available in the Chemistry Department. 
Biological Analyses can be done macroscopically or microscopically. 
Microbiological analyses (both enumeration and activity measurements) 
··- ·· - ·- .-. -. -- . 
can be performed in the microbiological laboratory .' In addition, 
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various biochemical entities can be measured in vivo and.!.!!. vitro 
(Chlorophyll ~· Turner fluorometer; phytoplankton size distribution and 
total volume, Coulter Counter; Warburg Analysis). An integrating . 
photometer (SAl Technology Co., Model 3000) is available for measuring 
extremely low concentrations of adenosine triphosphate (ATP) for 
determination of microbial biomass. Light intensity of the ATP 
bioluminescent reaction is quantitatively measured. 
Library Facilities. Utah State University has an excellent 
technical library containing approximately 200,000 volumes with emphasis 
in journals in the fields of engineering, food science, environmental 
sciences, toxicology, and chemistry. 
Computer Facilities. Time-sharing access to four mainframe 
computers; two DEC VAX ll/780's, an IBM 4341, and a UNIVAC 1108. Access 
to the VAX computers is available through hardwired CRT terminals. 
Access to the latter two computers is by telephone modem. The mainframe 
computers are equi.pped .. with many .popular canned rouUnes such as:_;;JHSL, 
SPSSX, SAS, MINITAB, and REDEQL, as well as many locally produced 
programs. Remote line printers, a Tektronix 4006-l graphics terminal 
and integrative digital XY plotter, electronic digitizers, several laser 
printers and a large number of DEC, IBM compatible and Mac·intosh 
Microcomputers are also available at U.S.U. and the UWRL. 
Significance of the Project to the Dairy Industry 
Whey and permeate are materials of potential value that are often 
disposed of at considerable expense to cheese processors, especially 
smaller processors. Industrial dischargers of highly polluted 
wastewaters are required under U.S. law to develop an approved 
pretreatment program. The law also requires muricipalities to recover 
revenue from industrial waste dischargers to pay for public wastewater 
treatment. As a result, stiff surcharges are levied on wastewater 
received from cheese plants that dispose of whey/permeate in the s~wer 
and do not pretreat. In some cases, municipalities will not accept 
effluent from these processors regardless of surcharges unless waste is 
first pretreated. · 
The proposed research will develop a technology which can utilize 
whey and permeate providing economic benefit to the cheese industry 
because of reduced sewer fees and sale of by-products, biogas, and 
biological protein. This will result in lower consumer cost for dairy 
products and a resulting increase in consumption. An additional 
alternative use for whey and permeate will help prevent wastage of these 
by-products. 
Preliminary experiments in our laboratories in digesting whey to 
produce SCP and biogas are promising, but much more work needs to be 
done. The efficiency and economics of our process for treating permeate 
can be estimated from results of experiments using the UASB with other 
food processing products. 
The UASB digester will remove up to 90% of the BOD/COD and most of 
the odor from wastewater while producing 200 1 of biogas (75-80% 
methane) per kg of organic matter destroyed. The UASB coproduces 
SCP-approximately 26 gm of a 25% high quality protein material per kg of 
organic matter destroyed. Its performance on permeate and whey is 
unknown. The value of pollutant reduction, thus avoiding sewer 
surcharges and meeting plant effluent limitations usually far outweighs 
the value of byproducts produced. When food processing wastewater 
including whey must be disposed of in a municipal sewer, research has 
shown that it is generally much cheaper to pretreat the wastewater 
on-site before dumping to the sewer to avoid high surcharges. The UASB 
is capabl~ of performing this pretreatment in a highly economical and 
efficient manner. 
Project Title: Cogeneration of biogas and single cell protein from ultrafiltration 
permeate and whey. 
Personnel: C. L. Hansen, Associate Professor, Nutrition & Food Sciences, Utah State 
University 
G. S. Choudhury, Research Associate, Nutrition and Food Sciences, Utah 
State University 
Funding Sources: Western Dairy Foods Research Center 
Utah Agricultural Experiment Station 
Objectives: 
1. Digest whole whey and whey milk permeate in a novel, computer controlled, anaerobic 
digester that coproduces biological protein and biogas. 
2. Investigate the effect of supplemental micronutrient and macronutrient addition on overall 
reactor stability and performance. 
3. Investigate quantity and quality of biological protein and methane that can be produced by 
determining mass balance relationships (kinetics) between organics removal, methane and 
biological protein production. 
Results: 
In about the past 10 years, anaerobic digester design has changed radically from previous 
complete mix designs to digesters which retain the slow growing anaerobic bacteria Complete 
mix reactors require hydraulic retention times (HRT) of 10-30 days. The new designs pass waste 
water through the retained sludge where it is treated within 4 h to 5 d. Organic matter in the waste 
is taken up by the bacteria in the sludge and converted to methane, a small amount of carbon 
dioxide and more biological sludge (new cells). Waste water treatment in these new "cell 
retention" digesters is at least as good if not berter than the old complete mix designs. 
We selected the upflow anaerobic sludge blanket (UASB) reactor; a sludge retention design, for 
our research mainly because of the ease of harvesting biological sludge. The biological sludge is a 
by-product of anaerobic treatment of whey permeate which can be sold as cattle or human food. 
Another by-product is biogas, which can be burned like narural gas for energy. 
The UASB fearures a sludge bed which collects in the bottom half to two thirds of the reactor by 
gravity. Whey permeate is fed into the bottom of the reactor and passes through the sludge bed at 
a slow enough velocity that the sludge bed is not displaced. 
Whey permeate digestion studies 
It was more difficult than we expected to digest whey permeate in a UASB; our initial attempts 
were unsuccessful. We had to first complete the work of objective two to understand what the 
nutrient requirement were. We then redesigned our reactor with a greater length to facilitate better 
sludge retention. The present reactor is 81 em (32") in length and 10 em (4") in diameter. The top 
13 ern (5") is expanded 50% to reduce velocity of treated water leaving the UASB thereby helping 
the bacteria to settle into the sludge bed. 
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Whey penneate was anaerobically digested in a USAB digester in separate experiments with 
different sub-objectives. The first sub-objective was to determine an upper limit on organic 
(COD) loading rate. The second was to determine an optimal removal efficiency. The upper 
loading limit was 15 mg COD/l..-<1 with about 55-65% removal efficiency for COD. We were able 
to maintain bener than 90% removal of COD by maintaining loading below 3 mg COD/L-d. 
Micronutrient and buffer addition study 
Batch study 
It has become apparent from recent advances in the application of anaerobic systems to industrial 
wastewater treatment that anaerobic organisms and in particular, methane forming bacteria have 
unique nutritional requirements. Since whey penneate is not a nutrient rich material, it was 
necessary to determine if it contains sufficient micro and macro nutrients to supply needs of the 
acid and methane forming bacteria in order to efficiently convert the organic maner in penneate to 
mostly methane, carbon dioxide and biological protein. Conclusions of this part of the study were 
as follows: 
1) Addition of trace metals; Co, Ni, Mo, Fe resulted in inhibition of the methanogens 
2) N & Pin the penneate was not adequate and must be supplemented 
3) pH control is the key to successful anaerobic digestion of whey penneate 
Quantity and guality of biological protein and methane produced 
The amount of biogas produced depended on the loading rate as shown in Figure 1 and the 
amount of biological protein produced was most dependent on time since startup (Figure 2.). The 
quality of biogas was measured on the basis of percent methane, the higher the methane the 
better. The biological protein quality is based on protein content. 
Figure 1 shows change in gas production with increased loading. The total gas produced 
increases at a predictable rate as indicated in Figure 1, however the methane produced per g COD 
destroyed did not change appreciably with loading rate. The methane produced per g COD 
destroyed was close to the theoretical maximum value of 0.35 L methane/g COD for the entire 
experiment. More total gas was produced at the higher loading rate, however the percent methane 
was reduced, making the gas less valuable for energy. At least 65% methane is recommended for 
use without pretreatment, in a boiler. At the higher loading rates the gas quality decreased to 
about 44% methane. 
It is concluded that the UASB can produce about 15 g of solids/L-d. Unfortunately, most of 
these solids ( 69%) were not organic and therefore not useful for food or feed. The inorganic 
solids were probably due to precipitation of sodium bicarbonate in complex fonn. Large 
quantities (2.5 giL penneate) of sodium bicarbonate had to be added to maintain a neutral pH in 
the ciigester. 
Loading rate changed in a non linear fashion, but the rate of solids production was linear as 
shown in Figure 2. The rate of solids production did not respond to changes in loading rate. 
Solids production was dependent on time in a linear relationship. Apparently, the bacteria were 
reproducing at maximum possible rate at the lower (1 g COD/L-d) loading. 
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This project needs to be continued to learn how to control pH without adding expensive chemicals 
if this technology is to be economically viable. Our future work will investigate the addition of 
methanogens, loading rate, and increased sludge bed volume to control pH without chemicals. 
Impact of project: 
Ultrafiltration of whey has potential of increasing demand and value of cheese whey. However, 
ultrafiltration of whey will continue to be suppressed until the disposal problem of whey permeate 
is solved. 
A hypothetical but thorough economic analysis of processing whey by ultrafiltration to yield 
whey protein and then anaerobic digestion of permeate to produce methane, predicted a rate of 
return on the investment in processing equipment of27.9% (Foth & Dyke Industrial, 1984). 
Publications: 
*Choudhury G.S., C.L.Hansen, Y. Bian, R. Dupont. 1989. Conditioning of Whey Permeate for 
Methane and Biomass Production Proceedings of the Fifth International Congress on Engineering 
and Food, May 28 June 3,1989. Cologne, Germany. 
*Hansen, C.L., H.J. Xu. 1988. Metals Detoxification Using Whey Permeate. Proceedings of the 
8th Biennial Cheese Industry Conference Aug 23-25,1988. Logan, Ut. Invited. 
*Xu, H.J., C.L. Hansen, G.S. Choudhury. 1987. Using Dairy Byproduct for Mercury Waste 
Detoxification. Proceedings of the Food Processing Waste Conference Sept. 1-2, Atlanta, GA. 
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Continuous Production of Cottage Cheese 
from Ultrafiltered Skim Milk Retentate 
L.V. Ogden 
Brigham Young University 
and 
C.A. Ernstrom 
Utah State University 
Cottage cheese production in the United States i s about one 
billion pounds annually (6) and is a very important dairy product 
in this country. Cottage cheese is produced by a traditional 
culturing method, (1) and also by direct acidification which was 
approved by FDA in 1969 (4). It is estimated that 25-30% of U.S. 
Cottage Cheese is produced by the direct ac id method (6). Both 
methods as currently applied require the use of large vats. 
Direct acid manufacture gives higher yields and avoids 
losses due to starter failure. A yield improvement of 11.1 and 
8.7% over cottage cheese made with milk or whey based starter was 
reported by Geilman(S). Much of the economic effect of yield 
improvement is offset by high cost of acidulation. The direct 
acid method requires the use of expensive Glucono Delta Lactone 
(GDL) which stout ly converts to gluconic acid and coagulates the 
quiescent milk. Ingredient costs for directly acidified cottage 
cheese were 6.2% and 10.2% over costs of culturing with milk or 
whey based starters respectively. 
The setting, cutting and cooking steps of cottage cheese 
manufacture by both methods have reached the limits of efficiency 
in conventional equipment. Vat sizes are as large as 40 to 
50,000 pounds. Cross cutting of the curd is still a hand 
operation which limits the width and height of the vats. Large 
vats also result . in long filling and draining times which add a 
non-productive hour or more to the production time. Larger vats 
would result in more non productive time. 
Further efficiencies will requir~ a continuous setting, 
cutting, and cooking process and could be further improved by pre 
concentrating by ultrafiltration. 
Previous Work and Present Outlook 
A continuous system for setting and cutting cottage cheese 
was developed by C.A. Ernstrom in 1965 (2). Cold 40°F milk ~as 
acidified to pH 4.5 - 4.7 with hydrochloric or phosphoric acid 
without coagulation occurring. Acidified milk was then warmed 
quiescently as it passed through 3/8 inch stainless steel tubes. 
The curd strand formed as the temperature rose. \Vhey expelled 
from the curd served as a lubricant between the curd strand and 
the tube wall which allowed the product to slip up the tube 
without agitation. When the curd strand emerged, it was cut to 
desired length by a rotating knife. The curd was then fed into a 
continuous cooker that cooked the curd in a relatively few 
minutes. Total process time from cold acidification to the end 
of washing was 20 to 25 minutes. 
Dean Foods made cottage cheese by this process and sold it 
only in Illinois for about three years. Distribution 
restrictions forced Dean Foods to discontinue the process and 
remove the equipment. Inclusion of this process in the Federal 
Standard of Identity came soon after Dean Foods had removed their 
equipment (3). The product made at Dean Foods was judged to be 
equal in consumer acceptability to cottage cheese made by the 
culturing process. We noticed, however, that the product was 
softer and absorbed cream more heavily than the traditional 
product. 
Skim milk retentate has been successfully used to make 
cottage cheese by the direct acidification method using glucono-
delta-lactone by Ocampo (8). He learned that 3x retentate was 
about the optimum concentration and that the firmness of the curd 
could be controlled by preheat treatment of the milk. Retentate 
that had received only a pasteurization treatment resulted in too 
firm a curd. Additional heat treatment was required to soften 
the curd to a desireable consistency. 
The purpose of this study is to marry the technology 
developed for continuous production of cottage cheese with new 
technology for making direct acid curd from ultrafiltered skim 
milk retentate. Advantages of the proposed process would be (1) 
increased efficiency of acidification, curd formation and cooking 
(2) better sanitation in enclosed equipment, (3) reduced acid 
costs as compared to direct acidification in a vat and (4) the 
possibility of increased yield by elimination of washing. 
Procedures 
Phase I 
1. Skim milk ultrafiltrates 3x retentate of about 9.2% protein 
will be prepared. 
2. Retentate will be cold acidified with phosphoric acid. 
Preliminary trials by Ocampo have demonstrated that it can 
be done without coagulation(9). 
3. Curd will be formed in a tubular heat excharger similar to 
the one described by Ernstrom in hfs development of the . 
continuous process for skim milk(2). 
4. After cutting, the curd will be cooked and washed in the 
traditional way in bulk. 
Phase II 
1. Study the effect of diafiltration as a means of removing 
lactose and eliminating the n eed for washing. 
2. Study the effect of retentate heat treatments on yield and 
final c urd texture. 
3. Design and construct continuous cooker and determine 
temperature profile that will adequately cook the curd in 
minimum time. 
Eouipment Needs 
The BYU Graduate Stud ent working on this project will 
relocate to Logan and work inte nsively for approximately 6 months 
on this p roject. There he will have access to ultrafiltration 
equipment, a small plate heat exc hang e r for retentate heat 
treatment, a nd a continuous curd former. 
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Financial Support 
This project will be supported by Brigham Young University and 
the Western Dairy Foods Research Center. A project will be set 
up at BYU to pay the stipend and some supplies. The remainder of 
the supplies will be covered by a project set up at Utah State 
Univer s ity. 
Research Assistant Stipend 
~lembrane s 
Milk 
Supplies 
Total 
BYU 
Dairy Center Request 
8700.00 
500.00 
9200.00 
5000.00 
4200.00 
9,200 
1000.00 
2000 .00 
1500.00 
4500.00 
4500.00 
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Project Title: Continuous Production of Cottage Cheese from Ultrafiltered Skim 
Milk Retentate. 
Personnel: L. V. Ogden, Associate Professor, Food Science and Nutrition, Brigham 
Young University 
Rick Lord, Graduate Research Assistant, Food Science and Nutrition, Brigham 
Young University. 
Funding Sources: Western Daily Foods Research Center 
College of Biology and Agriculture 
Department of Food Science and Nutrition, Brigham Young University. 
Objectives: 
Learn to make cottage cheese using a continuous process from ultraftltered skim milk retentare 
while studying the effect of retentare concentration and several processing variables on propenies 
of curd. 
Results: 
The effect of processing variables on curd characteristics were investigated. Retentare 
concentration, retentate preheat treatment, pH of cold acidification prior ultrafiltration, pH of cold 
acidification prior to curd formation, acidification agents, cooldng time and cooldng temperature 
were investigated. 
Curd formation experiments to date have been conducted quiescently in rubes. Attempts to form 
curd in tubes with the retentare flowing have not been successful. It appears equipment will have 
to be designed that will allow a brief quiet period as the curd forms. 
Cottage cheese curd samples from each of the curd fomting experiments along with commercial 
curd samples were evaluated by a panel of descriptive judges. Samples were rated as to their 
degree of firmness, mealiness, matting and off flavor. Data from the taste panels indicate that curd 
firmness increases with higher cooldng temperatures. Maximum curd firmness ar a given cook 
temperature is achieved by cooldng for about 60 minutes. Firmness decreases slightly ar shoner 
and longer cook times. Curd firmness is also affected by acidifying agent used. HCl or citric acid 
produces fmner curd than phosphoric or lactic acid. 
Mealiness was a problem with this curd. It appears to be almost entirely dependent on cook 
tempentture. As cook temperature is increased the degree of mealiness also increases. The amount 
of mealiness can be reduced somewhat by not acidifying the skim milk prior to ultrafiltration. 
Even then the resulting curd is significantly more mealy than commercial cottage cheese curd. 
To dare cottage cheese curd samples have been made that are similar to commercial cottage cheese 
in firmness, degree of matting and flavor, but are more mealy than commercial curd. Firmness 
and mealiness seem to come together. Soft curd can be made that lacks mealiness, but as firmness 
is increased mealiness also increases. More work must be done to reduce mealiness while 
retaining the desired degree of fmnness. 
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Impact of Research : 
Sening, cutting and cooking steps of cottage cheese manufacture by both the direct acid method 
and culturing methods have reached the limits of efficiency in conventional equipment. Vat sizes 
are as large as 40,000 to 50,000 pounds. Cross cuning of the curd is still a hand operation which 
limits the width and height of the vats. Large vats also result in long filling and draining times 
which add a non-productive hour or more to the production time. Larger vats would result in 
more non-productive time. Further efficiencies will require a continuous sening, cutting and 
cooking process and could be further improved by preconcentration by ultrafiltration. A totally 
enclosed continuous system would also protect the quality and shelf stability of the product. 
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Project Title: High Yield, low moisture cheese from homogenized UF milk. 
Personnel: Donald J. McMahon, Assistant Professor, Depanment of Nutrition and Food 
Sciences, Utah State University 
Brian J. Orme, Graduate Student, Depanment of Nutrition and Food Sciences, 
Utah State University 
Funding Sources: Western Daity Foods Research Center 
Utah State University Agricultural Experiment Station 
Objectives: 
1. Determine effects of homogenization treatment on fat losses from UF retentate curd. 
2. Design a cheese making process so as to obtain cheese in the range of pH 5.0 - 5.4 and 
moisture content < 40%. 
3 . Determine effects of milk heat treatment on moisture, texture and body of cheese made from 
UF retentate. 
4 . Provide a manufacturing procedure for making acceptable low moisture cheese from pre-
fermented UF retentate that could be adopted for a continuous cheese making process. 
Results: 
Objective 1: 
Preliminary studies on the effects of homogenization on casein/fat complexing have been 
conducted. The laboratory homogenizer and heating systems used in these experiments, however, 
introduced too much variation into the results. This work is to be repeated using the newly 
installed Alfa Laval Sterilab UHT system to study the effect of temperature and homogenization 
pressure on the amount of casein/fat complexing that occurs during homogenization. The extent 
of this complexing will be determined by measuring the quantity of fat that sediments with the 
casein micelles during ultracentrifugation. 
Objective k;. 
Development of the correct curd structure is a vital pan of cheese making. Cheese curd made from 
ultrafi.ltered milk retentate typically has poor textural properties. In order to duplicate the curd 
structure associated wiL1 cheese made from normal strength milk, we have conducted experiments 
to look at the relationships between milk concentration, pH, temperature, and enzyme 
concentration on the rate at which milk coagulates and forms a gel. 
Enzymic coagulation time was found to be directly proportional to inverse of enzyme 
concentration at all retentate concentrations, pHs and temperatures studied but the proportionality 
constant varies widely with these parameters. 
A series of charts included at the end of this repon indicate that below pH 6.4, clotting time is not 
greatly affected by milk concentration, but at the natural pH of milk and concentrate (pH 6. 7), 
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concentration has a greater effect. The graphs also show that increasing temperature produces an 
approximately second order decrease in coagulation time at all concentrations and pHs srudied. 
Rennet curds of ultrafiltration concentrated milk firm very fast and can become tough and 
uncutable if not cut within a narrow window. Formagraph curves of 5X retentate show that 
retentates with higher pH (pH 6.7) and lower temperature finn more slowly and produce firming 
curves more like those of unconcentrated milk. Further srudy will detennine if using lower sening 
temperatures with higher rennet levels will produce a curd in a reasonable time with bener texture 
and syneresis. 
Impact of Research: 
The technology of concentrating milk by ultrafiltration (UF) has progressed well over the past ten 
years. Much of this technology has been utilized in the development of new methodology for 
manufacrure of cheese. The most successful applications have been in the production of high 
moisrure cheeses by European based companies. Its has been of only limited use in the 
manufacrure of low moisrure cheeses because concentration of milk by ultrafiltration reaches a 
limit at approximately 40% total solids, i.e. a minimum of 60% moisrure content . 
In making a low moisture cheese from UF retentate texture and body is usually unsatisfactory for 
use as a value-added 'natural' cheese. It is our intention that through the development of a new 
cheese making procedure, as described in this research proposal, it will be possible to make low 
moisture cheeses that will retain the high yield advantages of ultrafiltration. Cheeses in the 
moisture range of 35-45% are the most widely consumed cheeses in the U.S .A. today. Of the 
total 1987 cheese production of 6.3 billion pounds, 42% was American cheese (2. 7 billion 
pounds) and 30% was Italian cheese (1.8 billion pounds). From this it would appear that the 
introduction of new varieties of cheese would have the greatest success if they were in these 
categories. 
Publications: 
Orme, B. J. and D. J. McMahon. 1989. Effect of concentration on coagulation of ultrafiltered 
milk. J. Dairy Sci. 71 (Suppl. 1). 
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Homogenized UF Milk 
Donald J. McMahon, Principal Investigator, Dept. of 
Nutrition and Food Sciences, Utah State University. 
Brjan Orme, Graduate Student, Dept. of NFS, USU. 
Western Dairy Foods Research Center 
Utah Agricultural Experiment Station 
Ultrafiltration (UF) of milk can be used for the manufacture of high moisture 
cheeses. Its economics lay main ly in increased retention of fat and protein . 
There are, however, some difficulties and complexities of making low moisture 
cheese using UF concentrated milk in that high fat losses occur and it is difficult 
to remove moisture. The specific objectives of th is project are: 
1. Determine effects of homogenization treatment on fat losses from UF 
retentate curd. 
2. Design a cheese making process so as to obtain cheese in the 
range of pH 5.0---5.4 and moisture content < 40%. . 
3. Determine effects of milk heat treatment on moisture, texture and body 
of cheese made from UF retentate. 
4. Provide a manufacturing procedure for making acceptable low moisture 
cheese from pre-fermented UF retentate that could be adopted for a 
continuous cheese making process. 
Results: 
Objective 1: Homogenization and Fat Loss: 
The high shear environment of UF, especially in pilot scale batch 
equipment, can damage natural milk fat globule membranes resulting in 
considerable whey fat when milk is coagulated and curds are cooked. 
Experiments have been conducted to determine effects of homogenizing whole 
milk on the extent of fat/casein complexing that occurs and the subsequent 
retention of fst in cheese curds made from 5X UF retentate. 
In one experiment, pasteurized whole milk was divided into two lots and 
one lot homogenized at 3500 psi, while the other was not homogenized. Both 
lots were ultrafiltered without diafiltration to 38% solids. Cheeses were made 
simultaneously from 3.5 kilogram batches of retentate from each lot using 
standard cheddar make parameters. A one half kilogram, pH 5.0 water overlay, 
was used to float curds. 
Over the course of agitating and cooking curds to 39°C, a 1 em deep free-fat 
layer developed in whey from the unhomogenized sample , while whey from the 
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homogenized sample contained only a discontinuous film of free-fat. Final 
moisture levels were high , that is, in the range of 42-43% but homogenization 
did not significantly affect final moisture. On this visual basis , homogenization 
shows promise for increasing fat retention of UF retentates. 
Objective 2· Cheese making Process 
Our experiments have shown that less rennet is required to coagulate SX 
retentates if pH is below 6.4. UF retentates are also much less viscous and 
more easily handled if they have been adjusted to pH 6.4--6.0. We have 
considered that if retentates were pre-fermented to pH 6.4 at approximately 
30°C, temperature could then be reduced to 20°C to slow acid production and 
provide a larger make-window. If retentates were renneted and cut at 20°C, 
curds could be cooked over a 19C0 range instead of a 9C0 range to increase 
syneresis. Experiments to determine the effect of this procedure on cheese 
moisture are beginning. 
Objective 3: Milk Heat Treatment 
Work on this objective will not be undertaken until objectives 2 and 3 are 
completed. 
Objective 4: Cheese Quality 
Textures and microstructures of cheese made from UF retentate differ from 
those of traditionally-made cheese. Deviations in curd microstructure are 
believed to result in part from effects of concentration on the coagulation 
process. Coagulation of milk is a two phase process. Enzymic hydrolysis of 
k-casein is followed by aggregation of casein particles . However, these two 
phases overlap. Studies made in our laboratory have shown that coagulation 
of milk normally occurs when hydrolysis of k-casein is 80-90% complete. 
However, when milk is concentrated to SX, coagulation occurs when only so-
60% of k-casein is cleaved. This compression of the enzymic and aggregation 
phases of coagulation may in part be responsible for different curd structure and 
final properties of UF cheese. 
By lowering coagulation temperature, coagulation is slowed far more than 
can be accounted for simply by decreased enzyme activity. Rather there is a 
marked slowing of aggregation rate caused by lowering temperature. This 
slowing of aggregation rate relative to proteolysis should provide a more natural 
curd texture in the final cheese. 
Impact of Research: 
The technology of concentrating milk by ultrafiltration (UF) has progressed 
over the past ten years. Much of this technology has been utilized in the 
development of new methodology for manufacture of cheese. The most 
successful applications have been in the production of high moisture cheeses 
by European companies. However, UF has been of only limited use in the 
manufacture of low moisture cheeses because concentration of milk in most UF 
systems reaches a limit at approximately 40% total solids,or in other words it 
reaches a minimum of 60% moisture content. The UF retentate thus requires 
further processing in order to reduce its moisture content to an acceptable 
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range for m;3.ny of the more popular cheese types in the U.S.A. 
In making a low moisture cheese from UF retentate there have been two 
methods used to extract moisture from the cheese curd. Vacuum evaporation 
has been used for the production of a cheese base for use in process cheese. 
It, however, produces a product with texture and body unsatisfactory for a value-
added 'natural' cheese. 
A method has been developed for using UF retentate to make Cheddar 
cheese by passing UF curd through a mechanical syneresis system followed by 
a mechanical cheddaring system. This is successful in lowering cheese 
moisture but suffers from fat losses and thus loses much of the yield advantage 
of using UF. 
It is our intention that through the development of a new cheesemaking 
procedure, as described in this research project, it will be possible to make low 
moisture cheeses that will retain the high yield advantages of UF. Cheeses in 
the moisture range of 35-45% are the most widely consumed cheeses in the 
U.S.A. The introduction of new varieties of cheese would have the greatest 
opportunity for success if they were in this category. 
Cheesemaking technology to be developed in this project has the potential 
to provide opportunities to produce new low moisture cheese products on a cost 
effective basis. 
Publications and Abstracts: 
B.J. Orme and D.J. McMahon. 1989. Effect of concentration on coagulation of 
ultrafiltered milk. 84th American Dairy Science Association Meeting, J. 
Dairy Sci :Supp. 1, 184. · 
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Ultrafiltration (UF) of milk can be used for the manufacture of high moisture 
cheeses. Its economics lay mainly in increased retention of fat and protein . 
There are, however, some difficulties and complexities of making low moisture 
cheese using UF concentrated milk in that high fat losses occur and it is difficult 
to remove moisture. The specific objectives of this project are: 
1. Determine effects of homogenization treatment on fat losses from UF 
retentate curd. 
2. Design a cheese making process so as to obtain cheese in the 
range of pH 5.0-5.4 and moisture content < 40%. 
3. Determine effects of milk heat treatment on moisture, teX1ure and body 
of cheese made from UF retentate. 
4. Provide a manufacturing procedure for making acceptable low moisture 
cheese from pre-fermented UF retentate that could be adopted for a 
continuous cheese making process. 
Results: 
Objectjye 1 · Homogenization and Fat Loss 
Experiments have been conducted to determine effects of homogenizing 
whole milk on the eX1ent of fat/casein complexing that occurs and the 
subsequent retention of fat in cheese curds made from SX UF retentate. 
In one experiment, pasteurized whole milk was divided into two lots and 
one lot homogenized at 3500 psi, while the other was not homogenized. Both 
lots were ultrafiltered without diafiltration to 38% solids. Cheeses were made 
simultaneously from 3.5 kilogram batches of retentate from each lot using 
standard cheddar make parameters. A one half kilogram, pH 5.0 water overlay, 
was used to float curds. 
Over the course of ag1tating and cooking curds to 39°C, a 1 em deep free-fat 
layer developed in whey from the unhomogenized sample, while whey from the 
homogenized sample contained only a discontinuous film of free-fat. The extent 
of fat/protein complexing has been determined over a range of homogenization 
temperatures and pressures. 
Objective 2: Cheese making Process 
5X UF Retentate Our experiments have shown that less rennet is required 
to coagulate 5X retentates if pH is below 6.4. UF retentates are also much less 
viscous and more easily handled if ~y have been adjusted to pH 6.4-6.0. 
We have considered that if retentates were pre-fermented to pH 6.4 at 
approximately 30°C, temperature could then be reduced to 20°C to slow acid 
production and provide a larger make-window. If retentates were renneted and 
cut at 20°C, curds could be cooked over a 19C0 range instead of a 9C 0 range to 
increase syneresis . 
AX UF Retentate . To overcome the process ing difficulties in using SX 
retentate we have looked at the use of 4X UF retentate as the start ing mate rial 
for cheesemaking. Oiafiltration levels required to reduce lactose to a level so 
that fermentation stops at pH 5.1 during cheesemaking have been determined . 
Objective 3 Milk Heat Treatment 
Work on this objective has been dela:1ed until an appropriate 
cheesemaking procedure has been determined. 
Objectjye 4 · Cheese Oual jty 
Cheese quality is affected by the microorganisms present in the cheese 
curd . Unpredictable fermentation rates have been observed when UF retentate 
is used to make cheese . We studi ed the functioning of a variety of strains of 
Lactococcus lactic ssp /actis and ssp cremoris in 4X retentate and found that 
there are significant strain differences in how they periorm. The growth of some 
strains is inhibited in UF reten tate while the generation time of other strains was 
not affected. 
Impact of Research: 
The technology of concentrating milk by ultrafiltration (UF) has progressed 
over the past ten years . Much of this technology has been utilized in the 
development of new methodology for manufacture of cheese. The most 
successful applications have been in the producti on of high moisture cheeses 
by European companies. However, UF has been of only limited use in the 
manufacture of low moisture cheeses because concentration of milk in most UF 
systems reaches a limit at approximately 40% total solids,or in other words it 
reaches a minimum of 60% moisture content . 
It is our intention that through the development of a new cheesemaking 
procedure , as described in this research project, it will be possible to make low 
moisture cheeses that will retain the high yield advantages of UF. Cheeses in 
the moisture range of 35-45% are the most widely consumed cheeses in the 
U.S.A. The introduction of new varieties of cheese would have the greatest 
opportunity for success if they were in this category. 
Cheesemaking technology to be developed in this project has the potential 
to provide opportunities to produce new low moisture cheese products on a cost 
effective basis. 
Publications and Abstracts : 
McMahon , D.J . and R.J. Brown. 1990. Deve lopment of suriace functionality of 
casein particles as the controll ing parameter of enzymic milk coagulation . 
Colloids and Suriaces. 44 :263-279. 
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PROPERTIES OF LOW-FAT YOGURT MANUFACTURED FROM ULTRAFILTERED 
AND ULTRA-HIGH TE.\1PERATURE TREATED MILK 
Personnel: Paul A.Savello, Assistant Professor, Utah State University 
Richard Dargan, Graduate Assistant, Utah State University 
JUSTIFICATION: 
Yogun production using ulrrafiltration (UF) technology has only been researched 
and reported. Chapman et al. (2) produced yogurt of 21% total solids after UF. The 
product was comparable in flavor, body and texture to yogurt produced with milk fortified 
with nonfat dry milk solids. Abrahamsen and Holmen (1) ultrafiltered milk to produce 
yogurt that had a firmer coagulum and higher viscosity than a non-UF control. The acidity 
of the UF sample was more distinct 
Yogun production using ultra-high temperature (UHT) treatments of the milk has 
also been reported. Schmidt et al. (8) and Labropoulos (5) reported that UHT :re1tment of 
yogurt milk produced a final product with lower firllllless, lower viscosity and less 
syneresis. Labropoulos also reported that maximum whey protein denaturation (88%) 
followed a UHT treatment of 149° C for 3.3 sec compared to the same maximum whey 
protein denaturation with a vat treatment of 82° C for 5 min. 
As UF concentration of yogurt milk gives a final product with firmer body and 
higher viscosity while UHT treatment of yogurt milk yields a product of lower firmness 
and reduced viscosity, the two technologies can prove beneficial to the production of 
yogurt with improved qualities. As UliT treatment of yogurt milk provides reduced 
syneresis in the final product, the combination of UF and UliT treatments can also yield a 
more consistent product with wider consumer appeal. 
The advantages (including economic) of UF concentration and UHT treatment of 
lowfat milk for yogun manufacture include: 
a. increase of total milk solids without addition of dried non-fat milk solids; 
b. control of yogurt milk quality by UF concentration prior to culture 
inoculation due to fewer dry ingredients being added to the 
yogurt milk; 
c. improved product quality with reduced fat levels; 
d. reduced heat input by UHT treatment compared to longer vat holding 
times to denature whey proteins; 
e. reduced inventory of added ingredients, including non-fat milk powder 
and stabilizers. 
These advantages can prove beneficial if the yogurt produced is of acceptable 
quality. The product quality can be measured by flavor/texture, acidification rime to 
gelation, and minimum defects as syneresis, graininess, and flocculation. 
UF technology can provide a means to control desired final product quality. UF 
concentration to different total milk solids levels together with different heat treatments 
prior to incoulation can indicate the relationships between milk solids/heat treatment to give 
different (y~t acceptable) yogurt products. 
-1-
-2-
PREVIOUS WORK/PRESENT OUTLOOK: 
Chapman eta!. (2) produced an acceptable yogurt product by concentrating mille to 
18-20% total solids. The product was judged as acceptable with good flavor and texture. 
No objective measurements of viscosity, rheologic properties or gel strength were indicated 
in the repon. 
Yogurt milk that has been heat treated by vat, HTST, and U1IT procedures with 
subsequent impacts on flavor and texture has been reponed ( 4-8). Flavor profiles of the 
differently heated yogun milks were not significantly different (4) whereas the textures of 
finished yogurts were different (6,8). The heat treatment of yogurt milk, therefore, plays a 
major role in the final body/texture of the product. 
Combining UF concentration and different heat treatments to the yogurt milk can 
provide a profile to understand the effect(s) of each process as it relates to yogurt quality. 
By concentrating to the desired total milk solids level by UF without addition of e·< ternal 
dried milk solids, more carefully controlled objective measurements can be made of 
body/texture. 
OBJECTIVES: 
The objectives of this research proposal are: 
l.To measure the effects on the yogurt properties of viscosity, gel strength, 
syneresis, and water holding capacity by ultraftltering yogurt milk to 
different total milk solids levels and applying different heat treatments; 
2.To observe structuntl differences by scanning electron microscopy (SEM) 
and transmission electron microscopy (TEM) of the differently treated 
yogurt milks; 
3. To measure the acceptability of yogurt flavor and body/texture by 
appropriate taste panel procedures; 
4. To measure the effect on acidification time to desired gelation level by 
different heat treatments; 
5. To measure the whey protein denaturation in the yogttrt milk as a result 
of the different heat treatments. 
-3 -
PROCEDURES: 
1. UF of yogurt milk. Milk will be ultrafiltered (batch-wise) to total milk solids of 
14, 16 and 18%. The final yogurt milk will contain 0.5 to 2% rnil.kfat. 
2. Heat treatments of UF yogurt milk. The yogurt milk will be heat treated as 
follows: 
a. Vat: 82 C for 20 min. 
b. HTST: 95 C for 1.5 min. 
c. UHT: 140 C for 6, 10, 20 sec. 
3. Physical properties measurements. 
a. Viscosity. Brookfield viscosity measurements will be conducted of the 
fmished yogurt products; 
b. Gel strength. Penetrometer depth measurements of appropriate rime 
duration will indicate yogurt gel strength. 
c. Syneresis. Syneresis measurements will be conducted according to 
Schmidt et al. (8). Surface whey is removed by aspiration after inclining 
yogurt samples 90 degrees. 
d. Water holding capacity. Water holding capacity (WHC) of yogurt is 
determined according to Kalab et aL (3). The procedure involves 
centrifugation of the yogurt sample with subsequent weighing of the 
pellet. The WHC can be expressed as percent pellet weight relative to the 
yogurt sample weight 
e. Acidification time of the yogurt samples will be determined by 
monitoring acid development (i.e. pH) over the incubation time required 
to reach pH 4.9-5.0. 
f. Flavor!fexture/Body. These properties of the fmisned yogurt samples 
will be evaluated by selected faculty members and graduate students. 
Proper descriptions of flavor qualities, texrure and body qualities and 
defects will be prepared and given to panelists prior to taste panels. 
g. Whey protein denaturation. Denatured whey protein will be determined 
by precipitation of casein at pH 4.6 followed by denatured whey protein 
determination by saturated salt precipitation. 
Project Title: Properties of Low-Fat Yogurt Manufactured From Ultrafiltered 
and Ultra-High Temperature Treated Milk 
Personnel: Paul A.Savello, Assistant Ptofessor, Nutrition and Food Sciences, Utah State 
University 
Richard Dargan, Graduate Assistant, Nutrition and Food Sciences, Utah State 
University 
Funding Sources: Western Dairy Foods Research Center 
Utah Agricultural Experiment Station 
Objectives: 
The objectives of this research proposal are: 
I. To measure the effects on the yogun properties of viscosity, gel strength, syneresis, and water 
holding capacity by ultrafiltering yogun milk to different total milk solids levels and applying 
different heat treatments; 
2. To observe structural differences by scanning electron microscopy (SEM) and transmission 
electron microscopy (IEM) of the differently treated yo gun milks; 
3. To measure the acceptability of yogun flavor and body/texture by appropriate taste panel 
procedures; 
4. To measure the effect on acidification rime to desired gelation level by different heat 
treatments; 
5. To measure the whey protein denaturation in the yogun milk as a result of the different heat 
treatments. 
Results: 
New project. UHT equipment has just become operational. Results will be presented in next 
years project report. 
Impact of Research: 
Yogun production using ultrafiltration (UF) technology has only been researched and reponed. 
Chapman et al. (2) produced yo gun of 21% total solids after UF. The product was comparable in 
flavor, body and texture to yogurt produced with milk fortified with nonfat dry milk solids. 
Abrahamsen and Holmen (1) ultraflltered milk to produce yogw.t that had a flnner coagulum and 
higher viscosity than a non-UF control. The acidity of the UF sample was more distinct. 
Yo gun production using ultra-high temperature (UHT) treatments of the milk has also been 
reponed. Schmidt et al. (8) and Labropoulos (5) reponed that UHT treatment of yogun milk 
produced a final product with lower flnnness, lower viscosity and less syneresis. Labropoulos 
also reponed that maximum whey protein denaturation (88%) followed a UHT treatment of 149° 
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C for 3.3 sec compared to the same maximum whey protein denaturation with a vat treatment of 
82° C for 5 min. 
As UF concentration of yo gun milk gives a final product with fmner body and higher viscosity 
while UHT treatment of yo gun milk yields a product of lower firmness and reduced viscosity, the 
two technologies can prove beneficial to the production of yo gun with improved qualities. As 
UHT treatment of yo gun milk provides reduced syneresis in the final product, the combination of 
UF and UHT treatments can also yield a more consistent product with wider consumer appeal. 
The advantages (including economic) of UF concentration and UHT treatment of lowfat milk for 
yogun manufacrure include: 
a . increase of total milk solids without addition of dried non-fat milk solids; 
b . control of yo gun milk quality by UF concentration prior to culrure inoculation due to 
fewer dry ingredients being added to the yogun milk; 
c . improved product quality with reduced fat levels; 
d . reduced heat input by UHT treatment compared to longer vat holding times to denature 
whey proteins; 
e. reduced inventory of added ingredients, including non-fat milk powder and 
stabilizers. 
These advantages can prove beneficial if the yogun produced is of acceptable quality. The product 
quality can be measured by flavor/texture, acidification time to gelation, and minimum defects as 
syneresis, graininess, and flocculation. 
UF technology can provide a means to control desired final product quality. UF concentration to 
different total milk solids levels together with different heat treatments prior to incoulation can 
indicate the relationships berween milk solids/heat treatment to give different (yet acceptable) 
yogun products. 
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Objectives and Results: 
Objective 1: To measure the effects on the yogurt properties of viscosity, gel 
strength, syneresis, and water holding capacity (WHC) by ultrafiltering to 
different total milk solids levels and applying different heat treatments. 
Ma ri I -'ffid. Methods: Skim milk, 1% fat milk, skim milk ultrafiltered to 
12.5% solids , and skim milk ultrafiltered to 15% solids were ultra-high 
emperature (UHT) treated by means of an Alia-Laval Sterilab to 220, 240, 260, 
or 280°F for 4 sec. All milks except the 1% fat milk were also UHT treated for 8, 
12, or 16 sec at each of the above temperatures. Control yogurts were prepared 
by vat pasteurization of aliquots of the same mi lks. Additional controls were 
prepared by vat pasteurization of skim milk with 2, 3, 4, or 5% added nonfat dry 
milk (NFDM) as a "traditional process" comparison . Vat heat treatment was 
182°F for 20 minutes. Forty minute vat heated samples were also prepared for 
2, 3, 4, or 5% added NFDM and 12.5% UF solids skim milks. 
Measurements of viscosity , gel strength , syneresis , and water holding capacity 
ere made on samples from all treatments at 7, 14, and 21 days. 
Vi cosit . Stirred viscosity measurements were made by Brookfield viscometer 
at 3 rpm with T-bar spindles . .=allowing 30 seconds stirring , readings were taken 
every 30 seconds. An average of 4 readings was calculated for each sample. 
Four samples were tested per treatment. 
r n A device was manufactured to give a relative measure of gel 
strength. A 5/8 inch shaft was lowered at a fixed speed into 100 ml samples on 
op of an analytical balance. Breaking force (gel strength} was taken to be the 
irs! point at which the balance reading stops increasing and decreases sharply. 
Four samples were determined per treatment. 
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Syneresis . Syneresis was measured by aspirating the whey off of the samples 
when inclined at a 90° angle. Four samples were measured for each treatment. 
YY.aNr .b.Q!Qing, capacity. Water holding capacity (WHC) was measured by 
centrifuging approximately 40 grams of sample at 10,500 rpm for 30 minutes at 
1 0°C. The supernatant was removed by draining the tube in an inverted 
position for 10 min. WHC was expressed as percent pellet weight relative to 
sample weight. Two samples were measured for each treatment. 
~:Viscosity of yogurt increased with increased UF solids (Figure 1 ). 
Viscosity of UHT yogurt was greater than the viscosity of yogurt from vat heated 
skim milk yogurt with comparable total solids from added NFDM. Viscosity did 
not increase directly with increased UHT temperature. Rather, viscosity was 
greatest from lower (220 and 240°F) temperature treatments. AT 280°F, 
viscosity was reduced compared to other UHT temperatures. Viscosity tended to 
decrease with increasing UHT temperature at higher solids levels (12.5 and 
15% UF solids). Increased holding time at 280°F increased viscosity. 
Gel strength increased with increasing level of skim milk solids as a result of 
ultrafiltration. Gel strength was higher in yogurt made from UF/UHT milks than in 
vat heated yogurt made with added NFDM to even higher levels of solids 
(Figure 2). UHT yogurt from skim milk with 1% added milkfat had lower gel 
strength than yogurt from skim mi lk alone. Gel strength did not seem to improve 
directly with increased UHT temperature nor did holding time dramatically 
increase gel strength. Temperature , however, had more impact on gel strength 
than did holding time. 280°F had an unfavorable impact on gel strength at all 
solids levels. In most cases the lower temperatures (220 and 240°F) showed 
greatest gel strength. Twenty minute vat heat treatment of UF milks resulted in 
higher gel strength than any UHT treatment. 
Higher UF solids decreased syneresis by more than would be expected by 
increased solids alone based on comparison to vat-heated yogurt milks with 
added NFDM (Figure 3). Addition of 1% milkfat also reduced syneresis. 
Increased UHT temperature increased syneresis in skim milk yogurt but the 
effect seemed to be overcome by the increased solids in the UF samples. 
Increased holding time had a pronounced effect on reducing syneresis of skim 
milk yogurt from the 280°F treatment, but had no effect on the already low 
syneresis in the higher solids yogurts (Figure 4). Syneresis was higher on vat 
treated yogurt than UHT yogurt. 
Water holding capacity increased with increased level of skim milk solids as a 
result of ultrafiltration. The added solids from UF had a greater impact on 
increasing WHC than did comparable solids levels from addition of NFDM in a 
traditional (vat) heating process (see Figure 5). Yogurt made from 1% fat milk 
also had greater WHC than did skim milk yogurt. WHC did not increase with 
increasing UHT temperature. Rather, lower (220 and 240°F) temperatures 
seemed to provide the greatest WHC. Increased holding time did not improve 
WHC and, in some cases, reduced it. 
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Conclus i ons: Using ultrafiltration to increase solids affords greater viscosity , 
gel strength, WHC, and lower syneresis in UHT yogurt as compared to vat 
heated yogurt with added NFDM to comparable solids levels. Increasing UHT 
temperature (especially 280°F) does not improve gel strength , viscosity, WHC, 
and syneresis. Rather, lower temperatures (220 and 240°F) provide the greatest 
viscosity, gel strength, WHC, and least syneresis (especially when the solids 
are increased by UF). Intermediate UHT treatment may provide comparable or 
better WHC, and improved syneresis as compared to vatheated yogurt, but this 
effect becomes less distinguishable as solids are increased by UF (both heating 
methods are good). However, UHT treatment does not appear to be able to 
match the same levels of gel strength and viscosity that can be seen with vat 
heat treatment. 
Objective 2: To observe structural differences by scanning electron 
microscopy (SEM) and transmission electron microscopy (TEM) of the 
differently treated yogurt milks. 
- Incomplete to-date -
Objective 3: To measure acceptability of yogurt flavor and texture by 
appropriate taste panel procedures. 
- Incomplete to-date -
Objective 4: To measure the effect on acidification time to desired gelation 
level by different heat treatments. 
- Incomplete to-date -
Objective 5: To measure whey protein denaturation in the yogurt milk as a 
result of the different heat treatments. 
Materials illlQ Methods: Yogurt milks were prepared as in Objective 1. 
Unfermented samples of all heat treatments were tested for whey protein 
denaturation (WPD). Milk samples were adjusted to pH 4.6 by addition of 0.1 N 
HCI. The precipitated casein was filtered out and the whey-protein-containing 
filtrate was collected. Kjeldahl nitrogen analysis was performed on the filtrate 
samples. The whey protein level found in the heat treated samples was 
compared to the whey protein level found in the raw milk of the same 
concentration . Whey protein denaturation was calculated as the disappearance 
of the whey protein in heat treated samples as compared to unheated controls 
as a result of whey protein-casein complexation. 
Results: Yogurt milks with higher so lids from UF had higher levels of WPD at 
each heat treatment (Figure 6). WPD increased with increasing UHT 
temperature and holding time. The effect of temperature was more dramatic at 
lower holding time (Figure 7) . Temperature had a more dramatic effect on WPD 
than did holding time (except for holding time at 220°F). Vat heat treatment 
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resulted in WPD that was at or near the same level achieved by the most severe 
UHT treatments. It is interesting to note, however, that the highest WPD in UHT 
treatments did not correlate with the best yogurt properties (see Objective 1 
Results). In fact , inferior viscosity, gel strength , WHC, and syneresis resulted at 
280°f. 
Conclusions: Whey protein denaturation may not be a good indicator of UHT 
yogurt properties. Although UHT treatments involve high temperatures, the 
resulting WPD is not as great as seen with lower temperature, longer time vat 
heating methods. 
~ 2f Research: This research indicates combining the technologies of 
ultrafiltration and ultra-high temperature treatment of yogurt milk can produce 
comparable or superior yogurt than traditional (vat heat treatment) yogurt of 
comparable total solids levels. The research has thus far indicated that the 
highest UHT temperatures of yogurt milk do not yield improved product 
characteristics over "lower" UHT temperatures. 
Increasing the total milk solids by ultrafiltration appears to be a good means for 
improved yogurt physical characteristics. Measurements of these yogurt flavor 
and texture attributes must still be studied. 
Abstracts: 
Dargan, R.A., and P.A. Savello. 1990. Ultra-high temperature treatment of skim 
milk and low fat milk for yogurt. Poster Session. ADSA Annual Meeting, 
NC State. 
Dargan, R.A., and P.A. Savello. 1990. Yogurt with improved physical 
properties from ultrafiltered and ultra-high temperature treated skim milk. 
Oral presentation. ADSA Annual Meeting, NC State. 
Patents: 
None to date. 
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Figure 1. Viscos ity vs Heat Treatment 
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Figure 3. Syneresis vs Heat Treatment 
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Figure 5. Water Holding Capacity vs 
60 UHT Treatment 
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Figure 6. Whey Protein Denaturation vs 
Solids 
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Project Title: 
Personnel: 
Funding: 
Objectives: 
Properties of Low-Fat Yogurt Manufactured from 
Ultrafiltered and Ultra-High Temperature Treated Milk 
Paul A Sayello , Dept. of Nutrition and Food Sciences, Utah State 
University. 
Western Dairy Foods Research Center 
1. To measure the effects on the yogurt properties of viscosity, gel strength , 
syneresis, and water holding capacity by ultrafi!tering yogurt milk to different 
total milk solids or standardized 5% protein level and applying different heat 
treatments . 
2. To measure the whey protein denaturation in the yogurt milk as a result of 
different heat treatments. 
Results: 
lntermediate-(IHT) to ultra-high temperature (UHT) heat treatments were compared to 
vat heat treatment of skim milk, ultrafiitered (UF) skim milk, and skim milk with added 
nonfat dry milk (NOM) for yogurt. Yogurt made from skim milk ultrafiitered to 5% 
protein had greater gel strength and viscosity than yogurts enriched to 5% protein by 
NOM addition. This effect was observed for ail heat treatments, including indirect plate 
exchange heating at 100, 11 0, 120, 130, or 140°C for 4 or 16 seconds, or vat heating 
at 82°C for 20 minutes. Vat heated UF yogurts had lower syneresis than vat heated 
NOM yogurts. IHT treatment (1 oooc for 16 sec, 11 ooc for 4 or 16 sec , 120°C for 4 sec) 
showed highest gel strength, viscosity , WHC, and lowest syneresis compared to high-
end temperatures in ail yogurts. UHT treatment (140°C for 4 or 16 sec) was 
detrimental to textural properties of skim milk, NOM, and UF yogurts. 
In trails to produce an aseptic yogurt using UHT technology, pectin addition from 0.2 to 
1.5% and temperatures as low as 1 oooc did not successfully stabilize the low pH (4.2-
4.6) yogurts. Most promising results were received from yogurt milks that were H202-
treated rather than prior pasteurization. As aseptic yogurt could provide new non-
refrigerated sales opportunities for dairy products. 
Impact of Research: 
Previous reports on this project indicated that yogurt made from skim milk ultrafiltered 
(UF) to increase total solids resulted in greater viscosity, gel strength, water holding 
capacity (WHC), and lower syneresis in IHT yogurts (1 04, 116, 127°C for 4 sec) 
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compared to vat heated yogurts with added NFDM to comparable solids levels . 
Results presented here suggest that ultrafiltration also provides enhanced yogurt 
physical properties when used to enrich yogurt milks to a standardized 5% orotein 
!.e..'&l_as compared to traditional enrichment to 5% protein by addition of NOM. The 
use of UF to fortify yogurt may offer improved textural properties at lower total solids 
levels than traditional fortification, and potentially lower cost. 
Previously reported data on skim milk, skim milk adjusted to 1% milkfat, and 12.5 and 
15% solids UF skim milk indicated that IHT treatment of milk for yogurt optimizes the 
yogurt physical properties that can be achieved form indirect heat treatments between 
1 04 to 138°C. If indirect plate heat exchange is to be used to process yogurt milks, 
results from 5% protein level data suggest IHT temperatures (1 00°C for 16 sec, ~ 1 0°C 
for 4 or 16 sec, or 120°C for 4 sec) provide comparable or better yogurt properties in 
this study were achieved without the use of stabilizers. The use of UF and IHT 
technology both represent non-additive approaches to enhance yogurt physical 
properties . 
Publications/ Abstracts: 
Dargan, A.A., and P.A. Savello. 1991. Protein Enrichment via Ultrafiltration Improves 
Yogurt Physical Properties. J . Dairy Sci. 74 (suppl. 1) (To be presented ADSA 1991 ). 
Dargan, A.A. , and P.A. Savello . 1990. Yogurt with improved physical properties from 
ultrafiltered and ultra-high temperature treated skim milk. J. Dairy Sci. 73:94 (suppl. 1 ). 
Dargan, A.A., and P.A. Savello. 1990. Ultra-high temperature treatment of skim milk 
and low fat milk for yogurt. J. Dairy Sci. 73:111 (suppl. 1 ). 
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Project Title: 
Personnel: 
Funding: 
Background: 
Development of a process for production of UF milk 
retentate 
Conly L. Hansen , Dept. of Nutrition & Food Sciences. Utah State 
University 
Oonald J McMahon, Dept. of Nutrition & Food Sciences, Utah 
State University 
Yehia A. EI-Samraqy, Dept. of Nutrition & Food Sciences, Utah 
State University 
Western Dairy Foods Research Center 
Several methods are available for processing surplus milk to extend its shelf life. Skim 
milk powder has been the standard means for storing surplus milk solids. Recently a 
frozen concentrate has also been developed (U.S. Patent 4,844,923) . The major 
problem associated with frozen milk concentrate is the gradual destabilization of 
casein micelles that occurs during storage. Successful ultra-high temperature (UHT) 
concentrated milk has not yet been achieved because of the gelation that occurs in 
such concentrates upon storage of room temperature . 
Production of milk powder by evaporative concentration and drying is an established 
segment of the dairy industry. However, product quality considerations favor the use 
of membrane separation to concentrate milk rather then thermal processes. Extensive 
heating during evaporative concentration often causes product degradation, primarily 
through change of color and flavors , and high denaturation of protein . 
Milk powder with better functional and nutritional quality can be produced employing 
membrane separation such as ultrafiltration for concentrating milk. 
Objectives: 
The overall objective of this project is to develop a process for production of high 
protein UF milk retentate powder. 
Specific Objectives: 
1. Determining effects of heat treatment, pH and limited enzyme treatment of UF 
retentate on the functional properties of its resultant spry dried, high protein, 
milk powder. 
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2. Determining effects of drying parameters, such as particle size temperature , 
solid concentration and foam spray, on properties of the retentate powder. 
3. Evaluating product applications of the high protein milk powder. 
GANTT CHART 
Months 1 2 3 4 56 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 
Objective 1 ( ----------------------------------------------------------) 
Objective 2 ( --------------------------------------------) 
Objective 3 ( ----------------------------) 
Effect of different pH and heat treatments on the properties of UF milk 
retentate powder: 
Fresh raw skim milk was ultrafiltrated to 20% total solids. The UF milk was divided into 
three portions. pH of the first portion was adjusted to 6.4 using 1 N HCL. The pH of the 
second portion was the normal pH of the UF retentate (6.7). The third portion was 
adjusted to pH 7.0 using 1 N NaOH. 
Each portion of adjusted pH retentate was divided into four parts. The first part was 
spray dried directly. The second part was heat treated at 65°C for 30 min, the third part 
was heat treated at 75°C for 28 sec while the forth part was heat treated at 85°C for 28 
sec prior to spray drying. All powder samples were stored at 4°C until analysis for 
chemical composition, physical and functional properties. 
Results: 
Table 1 indicates the effect of pH values and heat treatments prior to spray drying on 
the chemical composition of skim milk retentate powder. The analysis of the powdered 
samples of the UF retentate for physical properties are on going, while the other 
functional properties will be completed at the end of next month. 
We will be able to define the best combination of adjusted pH and heat treatment 
when finished with the statistical analysis of the obtained results, which forms about 
80% of the first objective of the project. The remaining 20% of the first objective will be 
covered through the enzyme treatment in content with the best combination of 
adjusted pH and heat treatment. It will take about three months or until the end of 
December to complete this first objective. 
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blications: 
nd, S.A. and C.L. Hansen. 1991 . Whippability of Enzyme Treated Skim Milk 
tentate Powder. Accepted for presentation at American Dairy Science Association 
nual Meeting, August 12-15, 1991, Utah State University, Logan. 
o others are in preparation. 
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c.n 
Table 1. Effect of pH values and heat tr eatments on the chemical composition of skimmilk 
retentate powder. 
Moisture Protein Lactose Fat Ash T.A. pH 
HT -------------------------------------------------------------------------------------
x BD x SD x BD x BD x BD x BD x BD 
----------------------------------------- pH 6.4 ----------------------------------
NH 5.44 1.01 59.29 0.79 27.40 1.22 0.88 0.34 6.99 0.56 0.17 0.01 6.43 0.06 
I 5 . 19 0.77 58.78 1.22 28.05 1.96 0.85 0.40 7.13 0.11 0.17 0.01 6.43 0.06 
II 5 . 56 0.87 59.14 2.36 27.63 2.63 0.50 0.36 7.17 0.14 0.17 0.01 6.40 0.00 
III 5.33 0.90 56.68 1.01 30.10 2.18 0.62 0.31 7.27 0.07 0.19 0.02 6.43 0.06 
----------------------------------------- pH 6.7 -----------------------------------
NH 4 . 00 0.77 60.15 0.38 27.22 0.83 1.39 0.74 7.24 0.20 0.13 0.01 6.68 0.03 
I 4.91 1.05 58.85 2.65 28.25 3.06 0.89 0.62 7.10 0.11 0.14 0.01 6.73 0.06 
II 5.43 1.73 57.90 3.04 28.14 3.00 1.38 0.89 7.15 0.25 0.14 o.oo 6.67 0.03 
III 5.61 0.64 57.35 0.96 29 . 15 0.68 0.53 0.15 7.36 0.00 0.15 0.01 6.70 0.00 
------------------------- ---------------- pH 7.0 -----------------------------------
NH 5.23 0.28 59.45 1.22 26.54 0.91 1.34 0.73 7.46 0.26 0.10 0.02 6 . 97 0.06 
I 5.06 0 • . 34 59.09 2.22 27.68 2.49 0.78 0.45 7.39 0.06 0.11 o.oo 7.00 0.00 
II 5.28 0.63 58.82 1.64 27.92 1.83 0.75 0.82 7.42 0.14 0.10 0.00 6.93 0.06 
III 5.78 1.00 56.54 0.12 29.86 1.23 0.42 0.22 7.40 0 . 02 0.12 0.01 6.95 0.09 
HT : Heat Treatment. 
NH : No Heat Treatment. 
I : Heat Treatment at 65'C. 
II : Heat Treatment at 75' C. 
III: Heat Treatment at 85'C. 
oject Title: 
ersonnel: 
unding: 
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Memb. ~ ne Fractionation of Immunoglobulins from Milk 
and Whey 
Paul A Sayello , Dept. of Nutrition and Food Sciences, Utah State 
University 
Reyad Mahmoud, Dept of Nutrition and Food Sciences, Utah State 
University 
Western Dairy Foods Research Center 
1. Fractionate immunoglobulin protein components from skim milk and whey 
using sequential micro- , ultra- , and nano-filtration technologies; 
2. Optimize the fractionation procedures and conditions to obtain the highest 
purity of desired protein component per separation stream; 
3. Concentrate and freeze dry the protein fraction streams for laboratory 
analysis of fractions' purity by HPLC. 
esults: 
hey and skim milk were subjected to separation by a wide range of separation 
1odules. Spiral wound polysalfone membranes (2 ,000, 5,000, 15,000 and 40,000), 
rineral membranes (1 0,000 and 80 ,000) molecular weight cut-off , and ceramic 
/
nembranes (0.05, and 0.2 micron) pore size were tested. Permeates of sweet whey 
nd skim milk were analyzed using HPLC gel permeation column. 
[he analysis of permeate was used to indicate the molecular range cut-off of the 
l
nembranes. Polysulfone membranes below 4,000 molecular weight cut-off prevented 
!most all the whey proteins permeation . The 40,000 molecular weight cut-off 
pembrane permeate indicated a complete retention of immunoglobulins in the 
etantate and partial permeation of a-LA and ~-LG in the permeates of whey and skim 
lnilk. Permeates of skim milk and whey from ceramic membrane 0.2 micron allowed II the whey proteins to permeate including the immunoglobulins. However, the 
nalysis of a ceramic membrane 0.05 micron penmeates exhibited a slight permeation 
f a-LA and ~-LG . Permeate of mineral membranes indicated partial permeation of a-
and ~- LG and retention of immunoglobulins. 
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filtration and concentration of retentates of skim milk and whey of the three 
mbranes (40 ,000 cut-off polysulfone, 100,000 mineral, and 0.05 ceramic) will be 
nducted to achieve the third objective. 
pact of Research: 
1,e extraction of immunoglobulins from whey wou ld have a positive impact in adding 
walue product. 
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Microbiology of Starter Cultures 
Effect of Proteolytic Enzymes on Transfection and Transformation 
of Streptococcus lact is Protoplastst 
Steven A. \oloskowt and Jeffe ry K. Kondo* 
Department of Nutrition and Food Sciences 
Utah State University 
Logan , Ut 84322 -8700 
* Corresponding author 
t Thi s paper is publi shed with the ap pro va l of the 
Director of the Utah Agricultura l Experiment Stat ion , 
Utah State University , Logan, UT, as Journal paper 
No. 3360 
t Presenr-address: Dept. of Food Tech nology, Iowa State Univ., 
Ames , !A 50011 - 1060 
ABSTRACT 
By us ing both chymo trypsin and mutanolysin to form protoplasts 
cons ist ent transformation frequencies of 104 to 105 t r ansformant s and 
transfectants· per ~g of OtiA were achieved. Th e procedure was used to 
transform protop lasts of Streptococcus cremoris CS224 at low frequency (5 
transformants per ~g of DNA). 
A r e liable and effi cie nt procedure for introducing DNA into dairy 
starter cultures is essential for app lying genetic engineering te chniques to 
these industrially important bact er ia. [ n 1982, polyethylene glycol (PEG) 
induced transformation (11) of Str~otacocc us lactis and transfect ion (8 ) of 
Streptococcus lactis subsp. diacetylactis protoplasts were described. Since 
then, several protoplast transformation procedures have been developed for 
different strains of Streptococcus lactis and low frequency transformation of 
Streptococcus cremoris has been reoar ted (17). Hutanolysin ( 11, 13), 
lysozyme (14, 18, 22) or comb inat io ns of both mutanolysin and lysozyme (7) 
have been employed to form protoplasts for transformation. The efficiency of 
protop]ast formati on, regeneration , and transforma tion appear to be stra in 
specific. Despite t he ma ny published procedures, transformation fr equ e nci es 
have been variable ranging f rom 10 2 to 106 transformants per ug DNA . 
Tr ans formation of protoplasts generated from lysozyme treatment has been 
ineffi cient with our stra in s of S. lact i s (unpubli s hed re su lts). Protopla sts 
f ormed from mutanoly s in trea tment are e ffective f or transformation but 
ransformat i on fr equencie s ma y vary consid era bly depending on the particular 
commercial lot of mutanolysin (unpubli shed results). Commercial sources of ~h is enzyme are kno wn to contain d ifferent muralytic, proteolytic (19, Sigma 
Chern. Co. personal comm uni c ation) and DNase activity (23). The proteolytic 
activity of different commercial lots of mutanolysin may vary from les s than 
D. OJ% to 0.04% of the lytic activity (Sigma Chemical Company, personal 
communication) . This proteolytic activity is known to stimulate lytic 
activity of various enzymes (20) and i t has been speculated that proteolytic 
enhance lytic activity by their clearing action against cell debris 
(26). 
In th is study the efficiency and r epeatability of transformation and 
t ransfection c ou ld be improved by forming protoplasts with mut an o lysin in 
conjunction with proteolytic enzymes. By optimizing various parameters , we 
developed a method which cJnsis:eotly res:;lts in ta4 to 105 tr ansformants and 
tr ans fect ants per lJQ of OriA wh ;:;n usi ng protoplasts from~- l actis LM2 30l. We 
hav z also us ed th is met:ccc tJ tr ;ns form ~- cremoris CS224 at low fr eq uencie s. 
Bacterial strains, bact e riophages, and plasmids. ~- lact i s L~23 0 l, a 
plasmid-:ured deriv ative of ~· lectis CZ (5), was used as a r ecipie nt for 
t ransformatio n and trans~ect ion experiments . S. cremoris CSZ24 , r eceiv ed 
from Or. William Sandine (D epartment of Mi crobiology , Oregon State 
University , Corvallis) cont ains 7 plasmids with masses of 57, 35.8 , 27, 26, 
20.5 , 16.8 , a nd 1.8 megadaltons (Md a l). Cultures were maintained by biweekly 
t ransfer at 3ooc in Ml7 broth ( Zl) contai ning glucose (Ml7G ) or lactose 
(M l7 L). S. l actis JK301 (14), which contains pG330 1 (2, 3) was used to 
i solate plusmid DNA for trans format ion exper iments . Pl as mid pG a30 1 is a 6.5 
Mdal Strept ococcus sJnquis cloning ve cto r coding for ML S (macrolide , 
lincosamide , streptogramin 8) and c;1loranphenicol ( Cm) r esistance . S. l actis 
- ---
C2 l yt ic bacteriophage c2 (1 6) was propagated by infect i on of~· lactis CZ in 
M1 7 broth. 
DNA Isolation Procedures. Bacter iophage was isolated by infect ing ~-
l actts CZ with c2 bacteriophage and incubat ed at 3ooc un til complete lysis 
was observed (3 to 5 h). Bacteriophages were PEG concentrated by the method 
of Yamamoto and Alberts (25 ) and DNA was extracted and purified as previously 
described (8). Plasmid DNA was is o lated by the method of Anderson and McKay 
(1). Plasm ids used for transformation were fu rther purified by cesium 
chl oride-ethidium brom ide equili brium dens ity gradient centrifugation ( 10) . 
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Desalting was performed by repeat:d ultrafiltration in a Centricon 30 
microconcentrator ( Amicon d ivisio n, W.R. Grace & Co., Danvers, Mass.). 
Plasmids and ba cte~iophage ONA wer? visualized by e l ect ro ph ore sing DNA 
samples through a 0.6 ~ horizontal agarose gel in TB buffer (0.08 9 M Tris 
hydrochlorid e, 0. 089 .~ bor ic acid, 0.002 M EDTA, pH 8.0) for 4 h at 6 
volts/em. DN A c onc=~t r atior was determined spectrophotometrically 
(absorbance at 260 nm /abso r:Ja nce at 230 nm). 
Protoplast fonnation . The final procedure for form ation of protoplasts 
of S. lactis L.~ 230i was per formed as described pr evio usly (13) with 
modifications. A 1% ino cul um of an active Ml7G broth culture was made into 
30 ml of 11l 7G broth p re·.-~arm ed to JOOC. Cells were grown for 4 or 16 h 
overnight at 30°C (2.5 x 10 9 C? U/ml) , centri fug ed at 7,600 x g for 5 min, 
washed in cold (4°C) double deionized wa~er, and suspend ed in 7. 6 ml of 0.5 M 
sucrose in 0.01 M Tris hydro chlor ide, pH 7 .0. Mutanolysin (Sigma Chemical 
Co., St. Louis, Mo . ) wa s added to a final concentration of 25 U/ml foll owed 
immediately by addition of chymotrypsin (Soehringer Mannh eim Bi ochemicals, 
Indianapo lis, ln.) to a 1.25 U/m l f inal concentration. The cell suspen sio n 
(3 ml f inal volume) was incubated at 370c for 15 min, centrifuged at 2,000 x 
g for 10 min, washed in 5 ml SMMB buffer (0.5 M sucrose, 0. 02 M maleate, 0.02 
M MgCl2, 1% bovine serum albumin, pH 6 .5), and resuspended in 1.0 ml of SMMB. 
Resuspension of protoplasts was performe1 in a Lab Line orbit environ-shaker 
(lab-Line I~struments, Inc . , Melrose Par k, Il.) on a setting of 200 RPM at 
300C. 
Transfonnation. Transformatio n experiments were performed as previously 
described (13) with modifications in plating methods. A one-tenth ml aliquot 
of an appropriate dilution of t ransformed cells was added to 5 ml of M1 7~ top 
agar (O.S:t agar) containing 0.5 M sucrose as an osmotic stabilizer (SMl7G), 
gently mixed, and overlay ed on SM17G bottom agar (1.S:t agar) containing 5 ).lg 
Cm per ml . Later, cells were plated by the spread plate technique onto SM17G 
bottom agar supplemented with \Jg Cm per ml. Transformants were scored 
after days of incubation at 3ooc. Protoplast concentration was kept 
constant for each transformation trial by pooling protoplast suspensions 
before distributing them for transformation. SMMB buffer was filtered through 
./. a 0.45 \1m membrane filter befo re use while all other reagents and buffers 
were autoclaved and quickly cooled in a water bath. All transformation 
experiments were from two or more independent trials . No transformants were 
observed when cells wer e incubated with chymotrypsin alone or when DNase I 
(Sigma) was added to plasmid preparations before transformation . 
Transfection. Transf ect ion was performed essentially the same as 
transformation. Appropriate dilutions of the transfected protoplasts wer e 
made in SMMB buffer and plated by adding 0.1 ml of protoplasts to 3 ml of 
SM17G top agar (0.5% agar) containing 0.1 ml 1 M CaCl2, and 0.2 ml indicator 
cells (~. lactis LM2301). PFU were counted after 24 h of incubation at 30 
oc. Treatment of bacteriophage DNA with DNase I inhibited transfection . No 
plaques appeared when ba cteriophage DNA was not added and the DNA used for 
transfection was free of PFU in conventional phage assays. 
Preliminary experiments indicated that chymotrypsin treatment of cells 
during protoplast formation with mutanolysin enhanced transformation and 
transfection of S. lactis LM2301 (Table 1). Parameters affecting 
transformation and conditions necessary for optimal transformation 
frequencies were then examined. 
Effect of chymotrypsin, pronase, and trypsin on transfor01ation 
frequency. Protoplasts of S. lact is were prepared for trans format ion by 
treating cells with various concentrations of mutanolysin and chymotrypsin 
and incubating for different time periods (Table 2). Incubation for 15 min 
increased transformation frequencies but only when 1.25 or 6.25 U/ml of 
chymotrypsin was us ed. After 30 min of incubation, only the lowe st 
concentrations of the two enzymes increased transformation efficiency. 
Formation of protoplas ts using 25 U/ml mutanolysin, 1.25 U/ml chymotrypsin, 
and an incuba tion time of 15 min were found to be optimal in further 
experiments {data not shown). 
Pronase and trypsin were compared to chymotrypsin to assess the effect 
of different proteases on transformation frequency. Chymotrypsin {3.1 x 104 
transformants per ~g DNA) and trypsin {2.8 x 104 transformants per ug DNA) 
increased the transformation frequency approxi mat ely 100 fold than when 
mutanolysin was used alone {5.1 x 102 transformants per ug DNA), while 
pronase only increased transformation frequency to 1.3 x 103 transformants 
per~ g DNA. 
Effect of cell growth stage. Transformation appears dependent on cell 
growth phase and on the extent to which cell wall material is removed from 
the cells {18). In order to examine the effect of cell growth stage, 
protoplasts were formed from 1, 2, 3 , 4, or 5 h cultures of S. lactis. Cell 
densities were adjusted to approximately 5 x 109 CFU/ml (1 . 2 optical density 
at 600 nm) for each time period prior to protoplast formation and 
transformation. Transformation was performed as described in materials and 
methods and plated by the soft agar overlay technique . Results in Fig. 1 
show a sharp decrease in transformation frequency using protoplasts prepared 
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from 2 h cultures (opti cal de~sity of 0.15 at 60 0 nm), followed by an 
inc rease in transformation fre~ue~cy t o 2.0 x 104 transformants per ~g DNA 
using protoplasts prs?ared from 4 h cultures (optical den sity of 1.2 at 
600nm). Tr;wsformc.:ion fr equenc ies using protoplasts pre?ar ed from 4 h 
cultures treated with mutanc1ysin only (5 .7 X 103 transformants pe r ~ g DfiA) 
were lower than when mutanolysin plus chymotrypsin were used. 
Protop lasts were t1en for~ed from 2, 4, 6, and 16 h (overnight) cultures 
of S. lactis. Cell density ~as adjusted ta 1.2 opt ical density at 600 nm for 
each time perio d prior to protop l ast f ormation and transformation was 
performed as before except t~at transformed protoplasts were spread plated 
instead of overlayed. Results in Fig. show that 16 h cultures (0 time) 
were transformed optimally ( ca. 7.0 x 104 transformants per ~g DNA). 
Transformation frequenci es were l ower when 16 h cultures we re treated liith 
mutanolysin only (4.5 X 103 transformants per ~g DNA). Transformation 
frequencies at 2 showed greater variability (3.7 X 104 to 2.8 X 103 
transformants per ~g DNA) when protoplasts were spread pl ated which is 
similar to the f indings of Kondo and McKay (13). 
Transfect ion of protoplasts prepared from 2, 4, 6, and 16 h cultures 
showed optimal frequencies wh en protoplasts were formed fr om 16 h (2.0 X 105 
transfectants per ~g DNA) and 4 h (1 .0 X 105 transfectants per ~ g DNA) 
cultures. Transfec tion frequencies were lower when protoplasts were prepared 
from 2 h (4.7 X 10 4 tr ans fectants per ~g DNA) and 6 h (5.3 X 104 
transfectants per ~g DNA), but the decrease in frequencies at those time 
pe riods was not as pronoun ced as the de crea se in transformation fr equencies. 
Transfection frequencies using mutanolysin alone were l ower for both 4 h (4.2 
X 103 transfectants per ~g DNA) and 16 h (3.0 X 103 transfectants per ~g DNA) 
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cultures . 
Cell lysis . The r ate of produc tion of osmotically frag i le ce lls 
during treatment wi th mutanolysin and chymotrypsin was examined. Cu lt ures 
were grown for 1 , 2, 3, 4, or 16 h and resuspended in 0.0 1 M Tris 
hydrochloride (pH 7 .0) with out cs.11ot ic stabilizer. Cell lysis was follm<ed 
by monitoring optica l de1sity ov ~ ~ time . Fi g . 2 sho·•s that 2 h cultures are 
more susceptible t o l ysis t~an are 4 or 16 h cultures. When 4 h cultures 
we re treated with both enzymes t~ e ~e was a greater and more rapid p roduction 
of osmotica ll y f ragile cells compared t o when 4 h cultures were treated with 
mutanolysin alone. 
Transformation of osmotically stable cells. Trans format ion of 
osmotica lly stable cells, cells which have no t formed protoplasts and thus 
are r esis t ant to osmotic s hock, was performed to determine the amount of cell 
wall removal ne cessary for DNA uptake. Osmotically stable c e ll s were 
i so l a t e d after pro to plast f orma ti on by dilution in sterile water and 
t rans formed as descr ibed in material and methods ex cept that cell s. were 
pl ated on Ml7G contai ni ng 5 11 g/ ml Cm. No t ransformation of osmotically 
stable ce ll s was observed wh ile 5.0 x 104 t ra nsformants per llg of DNA were 
obtained using protoplasts . Th e frac ti on of prot oplasts able to tran s form 
was only 0.002 % of viable prot op l asts which results in a transformation 
efficiency Of 1.7 X !Q-5 transformants per viable protoplast. 
Effect of osmotic stabilizers and plating method. Succinate has been 
used as an osmotic stabilizer in media used for regeneration of ~- f aecalis 
protoplasts (23) and may be effective in increasing transforma t ion 
frequencies in ~- lactis (L. L. McKay , pe rsonal communication). To tes t the 
effect of pl ating method and t he influ ence of different osmotic stabilizers 
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tra nsforniant s wer e eith er spread plated or overlayed onto H17G agar 
supplemented with eithe r 0.5 H sucrose (SH17G) or 0.25 H succi nate (SaH17G). 
Transformation frequ encies of 10 5 transformants per IJg of DNA could be 
achieved by over l ayi ng o r spread plat ing onto Sa H1 7G. However, more 
co nsistent results were obtained '.<hen protoplasts were spread plated onto 
SH17G ( 2.5 X 105 transformants per ug DN A). 
Effect of PEG-DNA treatment ti me for induction of transformation. The 
time of PEG-DNA treat ment of p r oto p l asts ha s been shown to affec t 
transformation frequency . Pol yethy lene g l yco l treatment t imes of 2 min (1 8 ) , 
5 min (22), a nd 20 min ( 7, 13) have bee n reported f or optimal trans formation 
of ·d.ifferent strains of ~- l actis and a 10 min PEG -DNA tr ea tme nt time is us ed 
for transfection of S. lacti s subsp. diac ety lactis (8). To exami ne t he 
effec t of PEG - DNA treatment t ime, protop l asts were treated with PEG a nd DNA 
for 2 , 5, 10, and 20 min. We found maximal transformation freque nci es were 
achi eved after a 20 min PEG - DNA treatme nt time though shorte r times could 
st ill be used. These r es ul ts agree with those previou s ly observed by Kondo 
an d McKay ( 13). 
Transformation of S. c remoris. The procedure descr ibed was used to 
transform S. cremo ris to cmr wit h p la smid pG8301 at low frequen cies ( 5 
transformants per IJ 9 of DNA). Acquis i tion of pGBJ01 was s uggested by t he cmr 
phenotype a nd was co nfirmed by aga r ose gel electrophoresis of plasmid DNA 
isolated from transformants. Al l transformants (designated S. cremoris 
51,130 1) co ntained the normal c omplement of plasmids plus a newly acquired 
plasmid of approximately 6.5 Hda l which comigrated with pG8301 (Fi g. 3). 
Therefore, it may be possible to develop high e fficiency transformation of ~­
cremoris using pGB301 sinc e it is ab l e to replicate and express in tr. 
strain. 
It is unknown why proteoly~ic enzymes enhance transformation, but i t 
appears that D~A upt ake rathe1· t~an regeneration of protoplasts is affected 
since regeneration-i ndependent t ransfect ion frequ encies are a 1 so incre ased . 
If proteases act by c1eacing ceil debris (26), it is possible that observed 
in creases in transfor~ation fr equencies are due t o more efficient protoplast 
f ormation or that DN A is more accessible to protoplasts. 
Proteases may also degrade cell wa ll and cell membrane proteins which 
i nhibit transformation and transfec~ion. Hu rst and Stubbs (9) report ed the 
appearance of hol es in the cell wall of S. lactis which are bladed by 
trypsin sensitive conical protrusions. Removal of conic al protrusions by 
proteases may open the holes and allow for better DNA uptake. Oth er ce ll 
wall and cell membrane proteins which bind DNA and make it unavailable f or 
uptake by pro top lasts, may be degraded by pro teases. DNases secreted during 
protopl ast formation may also decrease transformat ion and transfection 
frequencies (15). Using the DN ase plate assay (Difco Laboratories, De troit , 
Mi ch. ), we observed extrace llul ar DN ase activity only after f ormation of 
protoplasts (unpublished results). I t is possible that protease treatment 
during protoplast formation is able to degrade t ransformation inhibiting 
DNas es. 
Usi ng ly sozyme to f orm protoplasts, Simon et al. (18) found that optima l 
transformation was achieved fr om early-log phase (2 h) cultures. The se 
differences may refl ec t th e amount of cell wall r emoved during protoplas t 
fo rmat ion. The streptococcal cell wall is composed of polysacc ha ride and 
t ryps in-sensitive mucopeptides which are present at gr eater amounts in 
stat iona ry_ ph ase cultures (24) ~ The sus ceptibility of streptococcal cells to 
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the action of e ither enzyme i s depen dent on t he age of the cul ture prior t o 
th e enzyme treati:lent (4, 6) . Also, muta no lysin has been s hown to be more 
active in degrading cell wa lls of~· lactis (12). The weaker activity of 
lys ozyme and the susceptibility of cell walls during early-l og-phase may 
ex~lai n why 2 h cultures treated with lysozyme are transformed optima l ly, 
wh ereas optimal transforCJation using muLlnolysin - and chymotrypsin-t re oted 
cells r eq uires l onger gro ·•th pericds. Therefore, it appears that there is a 
critical amoun t o f cell wail which must be removed for optLnal 
transformation. Simon et al. (1 8) have demo nstrated that opt imal 
transformation f requencies are obtained •,;hen there is l imited ce 11 wall 
digestion. However , we have found that t here must be enough cell wall 
removed t o render cells osmotically sensitive. 
The transfor:nation pro cedure reported here has eliminated much of th e 
variability that we have observed in transformat i on frequencies. Th e 
proteo l yt i c act i vity of commercial sources of mutanolysin may be a 
signif i cant factor affecti ng the variability of t ransformation frequencie s. 
By careful r eagent preparation and handling of protoplasts, and forma tion of 
protoplasts using a combination of mutanolysin and chymotrypsin, 
transfo rmation frequencies have been consistent. We a lso ha ve not had to 
r eadjust enzyme concentration s and tr eatment times wit h each new lo t of 
mutanolysin. However, the procedure is still strain dependent and conditions 
f or t ransformation of new strains may have to be optimized. 
This project was fun ded by the National Dairy Promotion and Resear ch 
Board and is administered in cdoperation with the Dai ry Research Foundation . 
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FIG. 1. Effect of gr owth s t age of cultures used to form prot oplasts on 
transformat ion frequency. Protop lasts of ~- lactis LM230l we re prepared from 
cultures taken after l, 2, 3 , 4, 5, and 16 h (0 time) of incubation . 
Protoplasts were tran sformed as described in material and methods and either 
plated by th e over l ay technique (•) or by spread plating ([l. 
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FIG. 2. Time course for the production of osmotically fragile cells of ~­
lactis LH2301. Cells were incubated for various time periods and resuspended 
in hyp oton ic buffer. Hutanolysin and chymotrypsin were added and optical 
density at 600 nm was monitored. Controls; A, 4 h cultures treated with 
chymotrypsin only;&, 4 cultures with no enzyme treatment. Symbols: •, 1 h 
of growth treatment with both enzymes; + , 2 h growth treatment with both 
enzymes; C, 3 h growth treatment with both enzymes; 0, 4 h growth treatment 
with both enzymes; • , 4 h growth treatment with mutanolysin only; x , 16 h 
growth treatment with both enzymes. 
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FIG. 3. Ag~rose gel electrophoresis of pl asmid DNA of parental and 
transformed strains. Lan e A,§:_.~ Y517 reference plasmids. Lane B, 
pGB301. Lane C, ~- cremoris CS224 parenta l strain used as a recipient for 
transformation. Lane D, S. cremoris SW301, a cmr transformant of S. cremoris 
CS224 containing pGB301. 
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Tab l e l. Transformation and transfection of mutanolysin and chymotryp sin 
treated ce lls of S. lactis LH230 l. a 
Hutanolysin Chymotrypsi n Tran s f e cta nts Trans formants 
U/ml U/ml per c. g DNA eer \.19 DNA 
25 3.1 X ;o2 2. 9 X tal 
25 l. 25 4 . 6 X 103 2. 3 x to2 
25 6.25 l.} X 10 3 2.3 x t o2 
25 12.50 1. 9 X 103 9 . 8 x to1 
25 25 . 00 9.3 X 102 1.1 x to2 
as. lacti s LH2301 ce ll s were grown for 3 h (0.0. at 600 nm of 0.65), and 
treate d with mutanolysin for 30 min, followed by chymotrypsin treatment for 
15 min. Conditions for transformation incl u de using 1 \.lg of pGB30 1 DNA, a 20 
min PEG treatment time, and selection of cmr tra nsformants by the overlay 
technique. 
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Table 2. Effect of mutanolysin and chymotryps in concentrations and 
time of incubation on transformation frequencies of 5. 
lact is LM2301. a 
Enzlme Conc entration (U/ml) Treatme nt Time (min) 
mutanolysin chymotrypsin 15 30 
(CFU/b!<.l DNA) 
25.0 6.2x1o2 3.9x1o3 
12.5 1.25 1.2x1o4 1.2xto4 
12.5 6.25 3.8x1o3 2.0xto3 
12. 5 12.5 9.0x1o2 3.6x102 
25.0 1.25 1.1x1o4 8.4xto3 
25.0 6.25 5.2x1o3 1.5x1o2 
25.0 12 .5 3.5x to2 2.9x1o2 
50.0 1.25 l .2x103 1.9x1o2 
50.0 6.25 l.Oxto3 1.7xto2 
50.0 12.5 1.4 x1o2 3.6x1o2 
a Protoplasts we re formed from 3 h cu l tures (0 .0. at 600 nm of 0.65) by 
adding differen t concentratio ns of mutanoly s-in plus chymotryps in and 
incubating f or either 15 or 30 minutes. One J.lg of pG830 l was used and 
transformed pr otop l asts were plated using soft agar overlays. 
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GENETIC ANALYSIS Or PROTEINASE NEGATIVE LACTIC CULTURES 
Craig Oberg and Gary Richardson 
In an effort to characterize a number of proteinase positive cultures 
(Prt+) and their proteinase negative variants (Prt-), plasmid profiles of the 
individual strains were obtained. The plasmid complement of the strains varied 
greatly with differences appearing between the parental cultures and their 
proteinase negative derivatives. Several proteinase negative variants 
appeared to have lost a plasmid when compared to their parental cultures. 
These cultures were Streptococcus cremoris UC 318, UC 45, UC 169, and UC 310. 
Plasmid DNA from these was purified by CsCl equilibrium centrifugation and 
analyzed. No specific plasmid could be correlated to the loss of proteolytic 
activity in these proteinase negative variants although there was considerable 
variation. 
Plasmid curing studies were then initiated by taking the proteinase 
positive parental strains and subjecting them to various trearnents in order to 
remove plasrnids. This should result in the generation of new proteinase 
negative variants. By determining which plasmid was lost in these new 
proteinase negative mutants, we could find where the proteinase genes resided 
in the parental strain. Three strategies were employed, screening for the 
sponanteous loss of proteolytic activity, protoplast curing, and the use of 
mutagenic curing agents. Spontaneous mutants of UC 169 were isolated from 
buffered milk agar plates·. Ten isolates were eventually found that wer e 
proteinase negative. Although there were some detectable changes in the 
plasmid profiles, the loss of no single plasmid in all of the isolates could be 
s hown. 
Protoplasting, the removal and regeneration of the cell wall, was used in 
an attempt to cure out the proteinase plasmid in S. cremoris UC 45 and UC 310. 
Forty colonies of each were isolated from the regeneration plates. These 
isolates were tested for the loss of proteolytic activity using the four tube 
coagulation test (cultures incubated in four tubes, one with 10% NFDH, one with 
10% NFDH + .25% CAA, one with 10% NFDH + 1% glucose, and the last with 10% NFDH 
+ .25% CAA + 1% glucose). Host of the UC 45 isolates were proteinase negative 
and no UC 310 proteinase negatives were found, although three Lac- variants 
were isolated. Promising isolates were retested with the four tube coagulation 
test. Plasmid profiles were run on all of the UC 45 Prt- isolates but the loss 
of no single plasmid in all isolates was observed. 
Protoplast plasmid curing was then used with strains S. cremoris UC 73 
and UC 320. Nineteen isolates of UC 73 and 152 isolates of UC 320 were tested 
using the four tube coagulation test. All promising isolates were retested. 
Five proteinase negative variants of UC 320 were found, and two proteinase 
negative UC 73 isolates were obtained. Agarose gel examination of the plasmid 
profiles showed that once again there were changes in the plasmid profile but 
no single plasmid could be shown to be lost in all the proteinase negative 
isolates of either strain. 
Five proteinase negative mutants of UC 320 were obtained by acriflavin 
treatment from 50 isolates initially isolated and screened. There were changes 
in the plasmid profile but the loss of no single plasmid could be associated 
with the loss of proteolytic activity in the proteinase negative variants. 
It was thought that these proteinase negative variants may have been generated 
due to point mutations so this technique was not used again. 
Following the observation in Jeff Kondo's laboratory that S. cremoris UC 
320 could ~onjugally transfer the ability to use lactose to a plasmid cured 
strain, S. lactis LH2301, attempts were then made to transfer proteinase genes 
conjugally. If this occurred then the plasmid from the proteinase positive S. 
cremoris strains might appear in the recipient strain LH2301. Eight strains of 
S. cremoris were tested to see if they would conjugally transfer genetic 
material to S. lactis LM2301, a strain containing no plasmids. This strain is 
Lac- and Prt-. Transconjugants were isolated on FSDA II agar, which allows for 
selection based on lactose utilization and proteinase activity. S. cremoris UC 
73 and UC 169 matings produced what appeared to be transconjugants, but upon 
plasmid profiling it appeared that the streptomycin resistant genes had 
transferred from LM2301 to UC 73 instead of proteinase genes transferring from 
UC 73 to LM2301. The conjugal matings of UC 320 with LM2301 produced a wide 
variety of transconjugant~. These were plated out on FSOA II agar and the 
colonies that appeared to be Lac+ and Prt+ were tested using the four tube 
coagulation test. Promising isolates were tested two more times to confirm 
their phenotype. Three isolates (TL7, TL23A, and TL24) were found to be Lac+ 
and Prt+. HPLC analysis of the proteolytic activity of these compared to a 
Lac+ Prt- tranconjugant and to LM2301 showed that these transconjugants 
definately were proteinase positive. This confirmed that there had been a 
transfer of the proteinase genes to LM2301. Plasmid profiles of these Prt+ 
transconjugants revealed no observab~e plasmids. Acriflavin treatment of the 
transconjugants was used to try and cure out the Lac genes while still 
retaining the Prt genes. Fifty Lac- isolates were tested and all turned out to 
be Pre-. High temperature curing ( g rowing the cultures at 37 or 39° C to 
stress the cells into potentially losing plasmids) was then tried using 
transconjugant TL 23A. Thirty four Lac- isolates were tested with two showing 
possible retention of proteinase activity (T2l and T35). Plasmid analysis of 
these two derivatives showed no observable plasmid bands. 
These· results indicate that the proteinase genes may have been 
incorporated into tne chromosome of LM2301. Further work on these strains is 
presently being done. This same phenomenon was recently noted by Steele and 
McKay where they observed that an extremely large plasmid of approximately 88 
mdsal was containing the proteinase genes was transferred. We are now 
presently using a slight modification in the plasmid isolation method to try 
and determine if a very large plasmid might be present in our proteinase 
postive transconjugants. Hybridization experiments using an established 
proteinase plasmid from S. cremoris WG2 to probe the chromosome of the LM2301 
transconjugants and look for integrated proteinase genes from UC 320 are being 
started. 
Th e proteinase system in lactic streptococci is very complicated 
consisting of proteinase and peptidase genes and transport mechanisms. It 
appears that some of these are on transposible elements, particularly from the 
observations ~ith the UC 320 transconjugants. As ~ill be mentioned in the HPLC 
paper there are a wide variety of proteinase negative culture types and we are 
trying to better understand the proteinase system in these organisms. 
High Performance Liquid Chromotography Analysis for Cheese Yield 
with Proteinase Negative strai ns of Streptococcus cremoris 
C. J. Oberg, F. A. Khayat, and G. H. Richardson 
Many tests have bee n used to analyze the proteolytic characteristics of 
lactic cultures. These tests can distinguish between proteinase positive and 
negative strains but are limited in differentiating among proteinase negative 
variants. High performance liquid chromatography analysis has been used to 
separate bitter peptides from cheese (2), examine proteolysis in raw milk (8), 
detect harmful amines in Cheddar cheese (3), and follow proteolysis in cheese 
curing (7). We applied HPLC technology to characterize the proteolysis of 
proteinase positive and negative strains of Streptococcus cremoris. 
Thirteen pairs of proteinase positive and negative cultures were obtained 
from our culture bank. Samples were prepared by inoculating 0.1 mL of an 18 
hour culture into 10 mL of H-17 lactose broth and incubating the culture for 12 
hours at 30° C (absorbance of g reater than 1 . 5). The culture was transferred 
to a sterile centrifuge tube and spun for 10 minutes. The pellet was wa s hed in 
10 mL of sterile distilled wa ter and r ecentrifuged. Two mL of a 2.5% casein 
solution was added to the tube and the pellet resuspended. The 2.5% casein 
solution was prepared by mixing 0.5 g of rennet-treated casein powder with 19.5 
mL s terile distilled water. The casein culture mixture was incubated at 30° C 
for 24 hours . After the incubation, 1 mL was transferred to a 1.5 ml microfuge 
tube and spun in a microfuge for one minute to facilitate filtering by 
pelleting out the cells. The supernatant was withdrawn into a 5 cc syringe and 
filtered through a Gelman ARGO LC 13 0.45 urn filter. Samples were refrigerated 
and analyzed the same day that they were prepared. 
Samples were analyzed by reverse phase high performance liquid 
chromatography using a Beckman Model 420 controller , a mixer, a variable 
wavelength detector , and an integrator. A Hamilton PRP-1 column with a 
Hamilton cartridge guard column was u s ed (6). This column was more resistant 
to the low pH of the solvent system than other columns evaluated. The 
extremely lo~ pH (bet~een 1 and 2) of the solvent system caused the packing 
material to slowly degrade and be eluted in other columns used. This was 
significantly reduced with the Hamilton column. The use of less 
trifluoroacetic acid, from 0.1% to 0.05 or .025%, in the solventsmay also help. 
Careful monitoring of the column is required to insure repeatability. Samples 
~ere eluted using a solvent gradient (1). Solvent A ~as HPLC grade distilled 
water containing 0.1% HPLC grade trifluoroacetic acid (TFA) (pH of 2.2) and 
solvent B ~as 0.1% triflouroacetic acid in 90% HPLC grade acetonitrile (pH of 
1.2). Solvents ~ere pre-filtered. During the 35 minute run the percent of 
solvent B was increased from 0 to 40%. The solvent flow rate was l ml per 
minute. An attenuation of 16 and a chart speed of l em per minute were used. 
The detector was set at 220 nm and the sample loop contained 50 ul of filtered 
substrate. All samples were run at ambient temperature. 
A fairly flat baseline resulted when the 2.5% casein substrate was 
analyzed (figure 1). This case in control had received the same incubation as 
the other samples to see if autolytic peaks were formed during the 30°C 
incubation period. This was not the case although a soluble casein fraction 
peak was found to elude at approximately 34 minutes. This peak was found to 
decrease in area when cultures were incubated with the casein substrate. A 
small rise was noted at the 7 minute mark which increased with column use. 
One possibility was that the packing of the column was eluting with prolonged 
use. This problem may be able to be corrected by changing the guard column 
more often, increasing the wash time for the column, or raising the pH of the 
solvents. This was not found to be significant in obtaining useable results, 
but should be monitored closely for problems that could arise. 
Incubated cells were analyzed alone to see if peaks were breakdown 
products of casein or just peptides secreted from the cells. Pellets of S. 
cremoris UC 85 Prt+ ~ere resuspended in 2 ml of sterile distilled water without 
casein, incubated, and prepared as previously mentioned (Figure 2). HPLC runs 
of these samples showed a flat base line with no peaks. This confirmed that no 
competing peaks were generated from the pelleted cultures. 
Standards containing known peptides were analyzed. Bradykinin, a 
peptide composed of nine amino acids, and the peptide angiotensin II, composed 
of eight amino acids were each run at a concentration of 0.025 mg per ml. The 
standards were _prepared by suspending the peptide in sterile distilled water 
and filtering (Figure 3). The angiotensin II peak appeared at 29.2 minutes and 
the bradykinin peak appeared at 27.8 minutes. The use of these standards made 
it possible to quantitate peak areas. Running known peptide standards at a 
known concentration each day was a good check of the column and solvents. 
Proteinase positive cultures of S. cremoris and their proteinase negative 
variants were prepared as previously described. Culture pairs were grown and 
incubated with the casein at the same time and run through the HPLC on the same 
day to minimize variability. Numerous peaks were produced with the cultured 
casein samples. It wa s decided that the profiles of four maj o r peaks would be 
compared between samples. They appeared at approximately 9, 13, 19, and 24 
minutes. The 34 minute peak found in the casein control was also monitored. 
The repeatability of peak areas was not as good as expected for the same 
cultures that were grown and prepared on different days. However ratios of 
peak areas between the proteinase positive culture and its proteinase negative 
variant did remain consistent for samples prepared on different days. The 
variability between runs may be minimized by adjusting the number of cells to a 
particular 00 prior to pelleting. 
As expected most of the proteinase positive cultures produce d larger peak 
areas when compared with their proteinase negative counterparts. S. cremoris 
UC 320 was muc h mo re proteolytic than its proteinase negat ive variant (Figure 
4). The average peak area decrease for the four peaks on three trial s was 44Z 
(Figure 6). S. cremoris UC 310 also showed this pattern (Figure 7). The 
average peak area decreased 43% for the proteinase negative culture from the 
proteinase positive culture. These strains have been associated with the 
largest yield increases in casein, cottage, and Chedd~r production (5,13,14). 
Of the other cultures tested UC 171 and UC 85 were also found to have a less 
proteolytic proteinase negative variant. UC 85 sho~ed the greatest difference 
between the two · proteinase types indicating its potential in yield increases in 
cheese manufacture. 
In four of the culture pairs tested it ~as four:d that the peak areas were 
greater for the proteinase negative variant than for the proteinase positive 
parent. In fiv e trials with UC 73 the prote inas e negative variant produced 
peak areas that were 45% greater than those of the proteinase positive culture 
(Figures 5 and 8). This vas also observed with S. cremoris UC 97 and UC 63 
wher e the peak areas for the proteinase negative variant were greater than the 
proteinase positive parent (Figure 9). 
Yield studies in the past comparing proteinase pos itive and negative 
variants have found that increases in yield is strain dependant (10,12). Yield 
data for a number of the strains examined correlates to the HPLC observations 
of proteolysis variation between t~e proteinase positive and proteinas e 
negative variants. Heap and Richardson (5) found a 5.6% yield increase, based 
on casein yield, when the proteinase negative variant of S. cremoris UC 310 was 
compared to it s proteinase positive parent in reconstituted skim milk (Figure 
10). They also observed that S. cremoris UC 320 proteinase negative exhibited 
a yield increase over the proteinase positive strain. Stoddard and Richardson 
(13) found a 2.26% i~crease in yield for the proteinase negative variant of S. 
cremoris UC 310 over its proteinase positive counterpart in cottage cheese 
manufacture (Figure 11). They observed no increase in yie ld f o r the 
protei nase negative strains of either S. cremori s UC 97 or UC 73. This wo uld 
be predicted from the peak areas comparison for these two cultures since the 
proteinase negative strains h ad large r peak areas. Ekart, O 'Leary, and Hicks 
(4) reported la s t year on yield increases associated with the u s e of proteinase 
negative cultures in cottage cheese. Wi nkel and Richardson (14) in simulated 
Cheddar curd manufacture experiments s ho we d a statistically significant 
retention of nitroge n in t h e curd ma nufactured with S. cremoris UC 310 Pre-
over the Prt+ p~rent. They also noted a s light increase in yield for s train s 
UC 318 and UC 320. Previously we reported that the proteinase negative variant 
of S . cremoris UC 73 produced no increase i n yield over a commercial proteinase 
positive culture blend in the ma nufacture of Cheddar cheese ( 9). These yield 
comparisons s upport the observations made with the HPLC analysis for each 
culture. These re s ults a l so may explain why an increase in soluble nitroge n wa s 
noted in cheese manufactu red with the protienase neg ative culture UC 73 during 
a cheese curing study ( 9 ). 
In conclusion, the HPLC analysis of casein hydro lysates and the yi e ld 
studies show that each proteinase negative variant should b e anal yzed before it 
is used to i mprov e yield in the plant. Although proteinase nega t ive cultures 
have long been identified ba sed only upon t heir ability to coagulate milk 
slowly this does no t give an accurate assessment of their proteolytic a ctivity. 
Our studie s s uggest that some st rains produce peptides that cannot be used by 
the cell s fo r growth in milk. We a l so l earne d why some proteinas e negative 
cultures cannot affect yield increases. Mos t proteinase negative cultures 
retain high pep tidase activities and s hould be h e lpful in the reduction of 
bitterness probl ems . Even thoug h some st r ains may be slow coag ulators they 
mig h t not increase the retention of case in i n the cheese curd . This lack o f a 
y ield i ncrease may be assoc iat ed with increased peptidase act ivity or only the 
loss o f the tr a n s po rt mechani s m, but not the los s of the proteolytic enyzmes in 
a proteinase negative culture. The HPLC test shows potential for comparing 
newly derived proteinase negative variants with their proteinase positive 
parents tc see if yield advantages Yill be available. It does not appear to be 
a reliable way to individually fingerprint cultures since it has been difficult 
to obtain an exact reproduction of the _peak areas every time. We are presently 
analyzing the amino acid profiles of casein hydrolyzates to further 
differentiate and characterize cultures. 
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Justification: 
Improved Method for Quality Monitoring-- Heat resistant (sporeforming) 
Jsychrotrophlc bacter1a produce proteolytic enzymes that are responsible for causing 
narked deterioration of milk quality. Various degrees of protein denaturation occur 
(sweet curdle and bitter off-flavor). The microbiological procedures for isolating, 
!numerating and confirming the presence of thermoduric psychrotrophs is laborious, 
time consuming and does not directly provide information about potential proteolytic 
lctivity. Currently, there is no available practical method for dairy processors to 
rapidly determine residual microbial proteases in heated milk. Development and 
!doption of a simple, sensitive and rapid assay for relatively low concentrations of 
nicrobial protease in raw milk could suffice to provide early awareness or warning 
!bout problem milk supplies. Such a method should be both qualitative and 
iUantitative. 
[m act on Increased Dairy 
nicrobial proteases in mi 
1nd palatability of fluid milk and cream products. Improved palatability of milk 
1nd cream products as the sell-by-date (and one week beyond) is reached could serve 
to enhance consumer confidence in market milk and, hence, help reduce the gradual 
rear-by-year reduction in fluid milk and cream sales. There may be no other more 
important single factor for 1 imiti ng fluid milk/cream sales than "non-performance" 
Jf the product at the time of consumer expectation.Furthermore, undesirable 
nicrobial proteases in cheese milk serve to develop reduced flavor qualities in 
:heddar and other types of cheese (primarily unclean and/or bitter off-flavors). It 
is also recognized that undesirable proteases can adversely affect the yield 
Jotential of given cheese milks. 
ln order for milk and cheese processors to m1n1m1ze the detrimental effects of 
nicrobial proteases in milk supplies, there is an industry need for a more rapid and 
;ensitive method for assessing these potential problems. The current method of 
nonitoring milk supplies for thermoduric psychrotrophs entails an indirect 
nicrobiological procedure, which requires at least 10 to 12 days to complete. The 
1vailability of a more direct and rapid protease assay of milk (approximately 48 
lours) would serve to identify and limit or eliminate problem milk suppliers. 
tesearch and quality assurance efforts in improvement of milk product shelf-life, 
;ensory qualities and enhancement of cheese yields, serve to increase consumer 
1cceptance of all affected dairy products. Optimization of cheese yield from 
1vailable milk supplies is an important factor in helping keep natural cheese 
:ompetitive with other food alternatives for consumers. 
Since it is currently impossible to destroy microbial proteases once they are 
Formed in raw milk supplies, the dairy industry urgently needs a practical tool 
[test procedure) to monitor the relative presence or absence of this critical form 
>f microflora. However, once the presence of this unwanted microflora and their 
1ssociated deteriorative proteases is clearly demonstrated, a mere focus and 
lpplication of basic farm sanitation practices can usually eliminate this critical 
>roblem. It must be emphasized that rapid, sensitive and positive identification of 
the problem microflora (and/or their related) enzymes is pivotal to resolving this 
!merging dairy industry problem. 
•otential Pathogenicity of Bacillus sp. --An additional fact that should be 
·eckoned w1th 1s that several of the Bacillus sp . (B. cereus and B. lichenformis, 
1nd possibly other species) are considered to be patho~ This unfortunate fact 
1dds additional impetus to the relative importance of tracking the frequency of 
>ccurrence for thermoduric (sporeforming) psychrotrophs in raw milk supplies. 
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Table 1 shows the frequency at which various investigators have reported the 
occurrence of heat resistant psychrotrophs in raw milk supplies. In each i9stance, 
the0 procedure involved heat treatment of raw milk (producer) samples at 176 F (80 C) for 10 m~nutes, followed by either: (a) plating samples and incubating for 
7-10 days at 45 F (7.2°C) or (b) incubating heated milk samples for 7-10 days, 
followed by plating for bacterial enumeration . 
In a recent study conducted by Bodyfelt of Grade A raw milk in Oregon, 25% of 559 
samples indicated .. objectionable levels .. of heat resistant psychrotrophic bacteria. 
A recent survey ot pasteurized milk and cream products from Oregon and Washington 
processors indicated that 44% of 64 commercially pasteurized products demonstrated 
either coagulation ( .. sweet-curdle .. ) and/or objectionable bitter off-flavor (Table 
2). 
TABLE 1. SUMMARY OF OBSERVATIONS FROM VARIOUS STUDIES OF HEAT RESISTANT PSYCHROTROPHS IN MILK 
SUPPLIES 
so ate 
No . of Heat Resist. 
Year Location Sam~les Psychrotro~hs Investi9ator Ref. 
1962 Ohio 197 01 Martin et al. 17 
1971 Alabama 18 (B31) Ching & Cannon 
1971 California 97 301 Shehata & 
Collins 24 
1974 Tennessee 54 281 Overcast & 
Atmaram 21 
1976 Ohio 109 281 Mikolajcik & 
Simon 19 
1977 Ok 1 ahoma 227 591 Washam et al. 29 
1978 Ohio 13 1001 MH:.olajcik 18 
1982 Scotland 271 Johnston & 
Bruce 13 
1984 India 51 651 Shanna et a 1. 22 
1986 Oregon 559 251 Body felt 30 
1987 Oregon 67 75~ Heer & Bodyfel t 31 
TABLE 2. OBSERVATIONS OF COMMERCIALLY PASTEURIZED MILK SAMPLES FOR DEVELOPMENT OF 
SWEET0CURDLE OR BITTER OFF-FLAVOR WITH RESPECT TO THE "SELL-BY DATE" 
No. Fluid 
When Product Became Unpalatable 
Pnor to "date" After 'date" After "date" 
Samples Product 0 to 5 days 1 to 6 days >7 days 
No. ~ No. No. $ 
16 Ski11111flk 8 50 19 31 
16 21 Lowfat 25 44 31 
16 Homogenized 31 44 25 
16 Half-&-Half 11 69 25 
64 AI I Sa•ples 28 441 21 33i 15 m 
(Oregon and Washington state derived samples. Bodyfelt (30)). 
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Objectives 
This research project will : 
1. Attempt to develop an economical, simple and rapid (practical) assay for 
microbial protease activity in heat treated milk samples. The "target" 
proteolytic enzymes are those specifically produced by heat resistant 
psychrotrophic bacteria, derived from the steps of harvesting, s toring and 
tran spo rtin g raw mil k prior to process ing. 
2. To determine the applicability of prepared k-casein gels (in hematocrit tube s ) 
for both qualitative and quantitative activity of protease enzymes of isol ated, 
characterized thermoduric psychrotrophs from milk sources. 
3. To demonstrate that the extent of casein· denaturation in hematocrit tubes i s 
proportional to the overall protease activity of the milk samples evaluated. 
4. To simultaneously assess microbial lipase activity of the thermoduri c microflora 
to more fully assess the potential for overall quality deterioration due to 
"heat res i stant" enzyme systems . 
5. To compare and evaluate the effecti venes s of the casein-gel denaturation method 
with other more conventional procedures for determination of milk proteolysis 
(Hull , Keay and Wildi ; Church, et al., etc .). 
Procedures 
The research undertaken here proposes to develop a rapi d, sensitive and conven i ent 
linear diffusion test that i s capab l e of quantitating the relative protease 
activity of heat treated sampl es of raw milk obtained from varied condi tion s of farm 
sa nitation. 
Numerous procedures have been employed in the past to detect the extent of 
proteolysis in milk and mil k products. The most widely practiced procedure ha s been 
the method developed by Hull (13) in 1947. Unfortunatel y, thi s method lacks 
sufficient sensi tivity and can be awkward to use when numerous samp les are 
involved. Rather compl icated assay methods have employed carbo n- 14 (methylated) 
casein or radioactively labell ed case in. Other approaches, with increased 
se nsi tivity, have involved direct determination of the end products of proteol ys is 
through use of chemical reagents that react specifically with a-amino groups (5). 
More r ecently , Church et al. (6) developed an assay for milk proteolysis ba sed on 
the reaction of 0-pthaldialdehyde and 8-mercap toethanol with primary amines. 
Project Work Plan: 
General Approach -
1. Collect appropriate samples of raw mil k from herd milk s that represent a range 
of sanitary conditions for milk production . Transport and store samples at 
~4.4 C. Undertake all analyse s for protease activity within 30 hours of 
collection. 
2. Assess general microbial characteristics of raw milk samples with the aerobic 
Standard Plate CouBt (SPC) and Preliminary Incubation (PI) counts (sample 
incubation at 12.8 C for 18 hours followed by conduct of SPC). 
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3. Hegt treat aliquots of raw milk samples in screw cap tubes in a water bath at 
80 ~ for 12 minutes and immed ia tely cool 1n an ice ba th to approx. 20°C. 
4. Conduct SPC on cooled heat treated milk samples (survi ving microflora are 
cons idered t o be heat resistant). 
· 5. Perform assay (s) for res idual protease on heat treated milk sampbes. 
6. Sto re aliquots of heat treated milk samples for 7-10 days at 7.2 C. 
7. Perfo rm SPC on s tored milk sample s (any detected microflora are considered to be 
heat resistant psyci1rotrophs). 
B. Perfo rm "second set" of assays for microbia l protease activity following the 
7-10 day s refrigerated storage period. 
g. Sensory observations conducted on stored milk samples (note any development of 
gelation L" sweet curdle"], milkfat destabilization, formation of objectionable 
odor ("unclean" or "proteolytic"), atypical appearance (gel formation , 
gra ininess, wheying off or heavy viscosity) and/or development of a distinct 
bitter aftertaste. 
10. Attempt to demonstrate relationships between microbial anal yses, protease 
activity, she lf-life characteristics and senso ry eva luation of milk samples. 
Spec i fic approach for measurement of protease activity 
1. The measurement of protease activity in mi l k sample s will be based on the method 
empl oyed by Holmes et al. (1 2) and Thunell et al. (16). Thi s app roac h involves 
the preparation of kappa casein-agar gels whi ch are placed in 
sodimentation/hema tocri t tubes, then sea l ed with paraffin wax and stored at 
2 C until use. 
2. Milk samples of various age and subjected to various preliminary incubation 
conditions (to enhance potentia 1 protease activity of surv iving mi crofl ora) wi 11 
be t reated as follows: 
a . 
b. 
c. 
d. 
e. 
f. 
One ml of H?O and 10 ml of 0.75 N tri chloro-acetic acid (TCA) added to 
treated 5 mT milk samples and vortexed (6). 
After 10 minutes, the above so lution will be fi6 tered through #2 filter 
paper and the sub sequent filtrate frozen at -60 C until assayed by the 
method s of Holmes et al. (12) and Church et al. (6). The latter analysis 
will be employed as the control procedure for measurement of the extent of 
proteo lysis in this research. 
Standard curves of known proteolytic enzymes of determined concentrations 
will be prepared , using a plot of the logarithms of known concentrations of 
the enzyme against the diffusion di stance of prec ipitated kappa-casein 
(white band). 
As appropriate, various microbiological and biochemical tests for 
differentiating and characterizing heat resistant psychrotrophic bacteria 
will be applied to isolated microorgan isms (B)( see Table 3). 
Filtrates from various milk samples will be added to the diffusion 
substrate and efforts made to compare diffusion distances with the 
appropriate standard curves for known enzyme concentration. 
As necessary , conduct analyses of milk samples inoculated with known heat 
resistant psychrotrophs (OSU isolates) to study and characterize the 
protease activity of typical microflora of th is type and correlate to 
sensory and proteolysis observations. 
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TABLE 3. BIOCHEMICAL AND MICROBIOLOGICAL PROPERTIES THAT CAN BE USED TO DIFFERENTII 
PSYCHROTROPHIC BACILLI FROM RAW AND HEAT-TREATED SAMPLES 
M1crob1olog1cal 
Characteristics 
Growth on nutrient agar 
Growth on nutrient broth 
Growth on 0-5% NaCl broth 
Growth on glucose-nutrient agar 
Methylene blue reduction 
Growth on proteose-peptone agar 
Utilization of xylose, mannitol, 
sucrose, lactose, glucose and 
arabinose 
B1ochem1cal 
Characteri sties 
Starch hydrolysis 
Gelatin hydrolysis 
Casein hydrolysis 
Indole production 
Nitrate reduction 
Acetylmethylcarbinol productio1 
Gram reaction 
Citvate utilization 
Urease activity 
(from Grosskopf and Harper, 1974) 
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in foods. Can. J. Microbial. 26:753. 
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~vailable Facilities and Equipment: 
The Technology Unit of the Dairy Foods Division of the Hannah Research Unit, Ayr, 
Scotland is divided into the Departments of Physical Chemistry and Milk 
Utilization. The Dairy Foods Division has just completed conversion of a building 
{formerly used for climatic physiology) as a technical center. The facility is able 
to duplicate most dairy processes. The equipment and facilities are complemented by 
the nearby Dairy Technology Department of the West of Scotland Agricultural 
College. Appropriate laboratories for conducting microbiological and biochemical 
analyses and protease assays are available . 
Cooperation 
This is a cooperative research project that will be conducted in conjunction with 
the current research interest and assi stance of Dr. M.W. Griffiths, Scientist at the 
Depa rtment of Milk Utilization, Hannah Research Institute, Ayr, Scotland. The 
principal investigator, F.W. Bodyfelt will conduct much of the research while on 
sabbatic leave at the Hannah Research Institute in Scotland, November 15, 1987 
through May 15, 1988. 
Financial Support 1987-88 
Cost Item 
Oregon State University 
Graduate Research Assistant - 1.0 FTE 
OPE @ 5% 
Tuition remission 
Personnel subtota i 
Consumable supplies 
Travel costs 
Printing and mailing 
Statistical services 
Other expenses 
Total Operating Budget 
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Request Approved 
Budget Budget 
$7,200 
360 
5,090 
12,450 
3,500 
1,000 
150 
150 
1,035* 
$18,285 $18,285 
* Required Laboratory Fee for Visiting Professor (6 months) at the Hannah 
Research Institute, Ayr, Scotland. 
Project Title: Rapid Assay for Heat Resistant Microbial Proteinases in Raw Milk 
by a Simple Casein Denaturation Method. 
Personnel: F. W. Bodyfelt. Professor, Dept. of Food Science and Technology, 
Oregon State University 
Sergio Feijoo, Graduate Srudent, Department of Food Science and Technology, 
Oregon State University 
M. W. Griffiths, Microbiologist in Charge, Department of Food Science, 
Harmah Research Instirute, Ayr, Scotland. 
Funding Sources: Western Dairy Foods Research Center 
Oregon Agricultural Experiment Station 
Objectives: 
1. Develop a diffusion casein-agar test capable of quantitating the proteolytic activity exhibited by 
heat resistant sporeforming bacteria (Bacillus sp.) in either raw or pasteurized milk samples 
that have been subjected to a standardized heat treatment. 
2. Determine the appropriate casein fraction and the optimal buffering and suspension systems for 
the substrate matrix for conduct of the proteinase assay. 
3. Determine the optimal conditions for: (a) The initial heat treatment of milk samples, (b) 
preliminary incubation conditions, and (c) other necessary assay parameters. 
4. Develop a method for monitoring populations of Bacillus sp. in selected raw milk samples by a 
combination of preliminary incubation and a dye reduction test. 
Results: 
Experiments were conducted to reassess the optimum conditions (temperarure and time) for the 
initial heat treatment of raw milk samples. Results indicated that the use of 75°C for 20 minutes 
produces higher evenrual counts of surviving (and outgrowing) microorganisms than does the 
standard or conventional 80°C for 10 (or 12) minute treatment (Fig. 1). Furthermore, it was 
demonstrated that different strains of psychrotrophic bacilli exhibit varied degrees of heat 
re·sistance or sensitivity and respond accordingly to the employed heat pre-treatments. Several 
experiments demonstrated that B-casein is the preferred substrate for assessing the proteinase 
activity of Bacillus sp. Some of the optimum test parameters for Bacillus sp. proteinase assays 
were evaluated and possibly determined: e.g. pH optima (7 .25 ); sample load onto the casein-agar 
matrix, minimum reaction or development time and a comparison of vertical vs. horizontal 
approaches for the conduct of enzyme dispersion through an agar-casein matrix. 
An improved microbial growth media for enhanced sporulation rates for Bacillus sp. was 
formulated. Initial trials indicated the potential for a combined preliminary incubation of heat 
treated milk samples, and a simultaneous rapid dye reduction (redox) test for a more rapid, 
simple, reliable and economical method for monitoring heat resistant spore forrning 
psychrotrophs in either raw or pasteurized milk samples. 
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Surveys conducted of the majority of Grade A milk producers in Oregon ( 1986-87) indicated that 
at least 25% of all producers had high counts for heat resistant psychrotrophic sporeformers (e.g. 
>100 cfu/ml.). More recently (1988), a majority of the pasteurized milk and cream products in 
another Oregon survey indicated shelf life limitations probably due to Bacillus sp. surviving the 
pasteurization treatment (Table 2). 
Impact of Research: 
Three major milk processors in the Pacific Northwest incurred serious and wide-spread consumer 
complaints related to "sweet curdle" defects in fluid milk and cream products in January-
February, 1989. Numerous school milk quality problems stem from "early" curdling and 
objectionable off-flavors due to proteinase activity of Bacillus sp. derived from raw milk 
supplies. Cottage cheese and conceivable cheddar cheese yields and product quality can be 
adversely affected when Bacillus sp. and their associated proteinases prevail in milk supplies. The 
current teJt method for heat resistant sporeforming psychrotrophs in raw milk sources requires at 
least 10-12 days to complete. A more rapid method for determining objectional levels of Bacillus 
sp. in raw milk supplies would be a most advantageous analytical tool for inclusion in 
conventional quality bonus or incentive payment programs. 
Conservatively, assuming that approximately one fourth of all milk producers incur higher than 
desirable Bacillus sp. counts, there may be no better way to focus on this ubiquitous milk quality 
problem than to develop a rapid, routine test method for screening milk samples for this 
troublesome microflora Such a reliable and economically feasible analytical tool could be an . 
invaluable step forward for enhancing milk quality at the farm level. An effective tool for rapid 
and accurate detection of Bacillus sp. could serve as a keystone test within milk quality incentive 
programs for the U. S. dairy industry. 
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FIG. 1. SURVIVOR SPORE COUNTS FOR 5 STRAINS 
OF PSYCHROTROPHIC BACILLI 
TABLE 1 
A SURVEY OF OREGON PASTEURIZED 
MILK & CREAM PRODUCTS" FOR THE 
OCCURRENCE OF SPOREFORMERS AND PRODUCT 
"SPOILAGE POTENTIAL" 
Psychro Flavor "Failure" 
No. of Spore Cts. Spore Cts. @ T'C-days 
Samples >10/ml >10/ml 10d 14d 
59 33 37 35 40 
(100)% (56) (63) (59) (68) 
"Skim, Low-Fat, Homog. & H&H 
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Heat-resistant sporeforming psychrotrophic bacteria produce proteinases in raw or 
pasteurized milk that are responsible for causing marl<ed deterioration of milk quality, e.g., 
bitter taste, unclean off-flavor and/or protein coagulation (sweet curdle). The typical 
microbiological procedures that are used for isolating, enumerating and confirming the 
presence of thermoduric psychrotrophs (or their associated proteinases) are laborious, 
time consuming and do not provide directly information about potential proteolytic activity. 
Hence, the development and possible adoption of a simple , rapid and sensitive assay for 
relatively low concentrations of proteinases in raw milk supplies or pasteurized milk 
products could proVide processors with an early awareness or warnings about possible 
quality problems. 
1. Develop a diffusion casein-agar test capable of quantitating the proteolytic activity 
exhibited by heat-resistant sporeforming bacteria (Bacillus spp.) in either raw or 
pasteurized milk samples that have been subjected to a standardized heat 
treatment. 
2. Determine the optimal conditions for: (1) the initial heat treatment (standardized) 
of milk samples, (2) preliminary incubation conditions, and (3) other necessary 
assay parameters. 
3. Determine the most appropriate casein fraction and the optimal buffering and 
suspension systems for the substrate matrix for conduct of the proteinase assay. 
4. Develop an alternative method for determining populations of Bacil lus spp. in 
selected raw milk samples by a combination of preliminary incubation and a dye 
reduction test. 
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Results: 
A sensitive diffusion casein-agar method was developed to detect the proteolytic activity 
exhibited by heat resistant sporeforming bacteria (Bacillus spp.) in raw milk. Initial 
experiments demonstrated B-casein to be the preferred substrate for assessing 
proteinase activity of Bacillus spp. Optimum test parameters for proteinase assays were 
determined; initial heat-treatment of milk samples at 75°C for 20 min.; pH optima (7.25) 
of the casein-agar matrix ; the sample load {151J.I) ; an indication of proteinase activity 
within 33-36 hrs.; and use of a plate-well method for assessing enzyme dispersion 
throl.llgh the agar suspended substrate. To optimize sporulation of potential Bacillus spp. 
that may have survived the initial heat treatment of raw samp.es, 1 ml aliquots of each 
heat-treated milk sample were inoculated into a defined media (nutrient broth with 5 
added minerals and 0.05% NOM), followed by 18 hr. incubation at 21 °C. Next, 15 Jll 
aliquots were added to formed wells (4.0 mm dia.) in Petri dishes (90.0 mm) that 
contained 15 ml of B-casein-agar matrix and were incubated for 18 hrs at 30°C. The 
extent of proteinase activity was proportional to the relative zone size of casein 
prec:ipitation, which closely corresponded with the magnitude of milk sample spore and 
psychrotrophic spore counts. 
Within the course of evaluating the best possible method(s) tor assay tor bacilli 
proteinases, experiments and trials were undertaken of a vertical, micro-hematocrit-tube 
and several dye reduction tests. However, lack of sensitivity, clear-cut endpoints and 
cumbersome laboratory handling characterist ics appeared to preclude either of these 
methodologies. The plate diffusion assay with appropriate preliminary incubation for 
proteinase detection appeared to be the most promising technique for assessment of 
enzy me activity. 
Impact of Research: 
Five major milk processors in the Pacific Northwest incurred and reported serious and 
widespread consumer complaints related to "sweet curdle" defects in fluid milk and cream 
products in 1989-1991 . Also, numerous school milk quality problems stem from "early" 
curdling and objectionable off-flavors due to proteinase activity of Bacillus spp. derived 
from raw milk supplies. Cottage cheese, and conceivably cheddar cheese , yields and 
product quality can be adversely affected when Bacillus spp. and their associated 
proi!einases develop in cheese milk. The current test method for heat-resistant 
sporetorming psychrotrophs in raw milk sources requires at least 10 or 12 days to 
complete. A more rapid ,method for determining objectional levels of Bacillus spp. in raw 
milk supplies would be a most advantageous analytical tool tor inclusion in processor 
quality incentive (bonus) payment programs. Producer associations and processors 
across the U.S. have requested information about criteria for thermoduric microflora in 
raw milk for possible incorporation in milk quality incentive programs. 
Conservatively, assuming that approximately one fourth of all milk producers incur higher 
than desirable Bacillus spp. counts, there may be no better way to focus on this 
ubiquitous milk quality problem than development and adoption of a rapid, routine test 
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thod for screening milk samples for this troublesome microflora. Such a reliable and 
nomically feasible analytical tool could be an invaluable step forward for enhancing 
lk quality at the farm level. An effective tool for rapid and accurate detection of Bacillus 
p. could serve as a keystone test within milk quality incentive programs for the U.S. 
iry industry. 
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Justification : 
The use of various types of microorganisms to produce human food and 
re ;·ated products has a long history. Yeasts, bacteria and molds have all 
been utilized in designed biomass conversions to produce commercially 
valuable end products. With the advent of genetic engineering it has 
become possible to remove DNA from one microorganism and recombine it with 
the DNA from another organism. This DNA transfer can provide a 
combination of desirable genetic traits within the "recipient" 
microorganism. Additionally, recombinant DNA technology allows 
construction of microorganisms that are able to grow on normally unusable 
substrates and also to produce substances foreign to the organism. An 
example of this technology is production of mammalian insulin by an 
unlikely organism, Escherichia coli. 
Under-utilized by-products or waste materials from both food and 
non-food processing operations are readily available as growth substrates 
for microorganisms . Good examples of this are the production of single 
cell protein from sulfite waste liquor (from paper manufacture) and 
ethanol production from lactose fermentation of cheese whey. Whey is 
quite high in organic material, which results in high biological oxygen 
(BOD) and chemical oxygen demand values (COD). These properties and the 
high volumes generated combine to make whey disposal difficult and 
relatively expensive (ten kg of cheese milk results in merely one kg of 
cheddar cheese, but approximately 9 kg of whey). Because of the high BOO 
and the dilute nature of cheese whey, it mu st ordinarily be disposed of by 
means other than through release to sewage systems. 
Various methods of isolating, concentrating and drying the proteins of 
cheese whey have been developed, as well as fermentation of the lactose 
fraction into ethanol by genetically altered Saccharomyces sp. yeasts (W. 
B. Gibbons, SDSU ethanol pilot project, personal commun1cation). Hammond 
and coworkers (Moon et al. 1978; 1978b) isolated yeasts that could utilize 
cheese whey to produce high levels of lipid . Surprisingly, these 
oleaginous yeasts could produce up to 57% oil (equivalent dry weight of 
cells) from the permeate of ultrafi ltered whey. The ultrafiltration 
process on whey primarily removes those proteins above 24 kd, thus leaving 
lactose, peptides and assorted low molecular weight molecules and ions in 
the permeate. Lipid produced in this manner was high in oleic (18:1) and 
palmitic (16:0) acids. Furthermore, this method of processing reduced the 
COD of the whey by 70-90%. 
Lipid production by yeasts cannot be considered an economical means of 
disposing of cheese whey, given the "fatty acid profile" of this oil 
product. However, the current interest of nutrition scientists in the 
health promotion role of long chain polyunsaturated fatty acids (PUFA's; 
e.g., 5, 8, 11, 14, 17-eicosapentaenoic acid [EPA] and 4, 7, ·10, 13, 16, 
19- docosahexenoic acid [DHA])(Kinsella, 1987; Kinsella, 1986; Newsweek, 
1987) suggests that commercial production of these omega-3 fatty ac1ds may 
become economically desirable. Production of omega-3 fatty acids in milk 
products offers potential opportunity for increased dairy product sales. 
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Currently, the major sources of omega-3 fatty acids for human 
consumption are fish and fish oils (Kin se lla, 1987). Thi s is the r esult 
of· food chain interactions that involve plankton and other primary 
producers that synthesize substantial amounts of omega-3 fatty acid s . 
Additionally, some lower fungi are capable of producing relatively high 
quantities of EPA. 
This research project proposes to use whey permeate as a growth medium 
for PUFA-producing fungi that have been genetically altered by cloning 
lactose metabolizing genes. This development would enable biomass 
production on whey. Eventually, efforts will be made to r. lone the 
PUFA-producing genes into lactic acid bacteria of the Streptococcus, 
Lactobacillus, Leuconostoc and Pediococcus genera. The use of such 
altered bacteria in fermented or sweet (unfermented) milk products would 
provide a vehicle for consuming dairy products enriched for the se 
healthful omega-3 fatty acids. Consumers in the United States are 
constantly being made aware of the cholesterol-reducing benef its of 
certain foods (e . g. fish) that contain omega 3-fatty acids. Appropriate 
promotion and advertising of any milk products that contained lactic acid 
bacteria which sy nthesize these acids could conceivably lead to increased 
consumption of milk and milk products. Combining such lacti c organisms 
with yeasts that had been modified to produce omega-3 fatty acids would 
also permit the production of kef ir or other cultured dairy foods with 
substantially enhanced health promoting characteristics. 
Previous Work and Present Outlook 
Saprolegnia parasitica i s an aquatic fungus that i s commonly 
assoc 1ated w1th d1sea sed fish and fish eggs (Powell et al., 1972; 
Al exo poulos and Mims, 1979). Thi s f ungu s belongs to the class Oomycetes 
and is characterized by motile zoospores (Alexopoulos and Mims , 1979). 
Powell et al. (1972) in a comprehensive study of the nutritional 
requirements of~· parasitica developed a basal medium that contained 
sodium glutamate as the sole carbon /n itrogen source . Additional carbon 
sources were added to thi s ba sal medium to determine if growth of S. 
parasitica wa s improved. The organi sm was unable to utilize lactose as a 
carbon source. When galactose was incorpora t ed into the basal medium, 
growth was slightly improved; glucose was the preferred substrate for 
optimum growth. Higher cell yields were realized wh en casein hydroly sa te 
was used as the nitrogen source. 
Interestingly, Gellerman and Schlenk (1979) discovered that S. 
parasitica produced relatively high amounts of EPA when grown on-the 
glucose based medium of Powell et al . (1972). The organism was found to 
contain 13% lipid (on a dry weight basis) with EPA making up 20% of the 
fatty acid profile. The glucose medium used in this study provided 
sufficient nitrogen. Work in Ratledge 's laboratory (Boulton and Ratledge, 
1983; Evans and Ratledge, 1984, Gill et al., 1977) has demonstrated that 
fungi grown under conditions of limited nitrogen, shift metabolism from 
protein and nucleotide biosynthesis to lipid accumulation. These results 
occurred when the carbon source was not limiting. 
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We hypothesize that~· parasitica lacks genes to produce the enzymes 
for metabolism of lactose and galactose . Since one goal of this research 
is to develop an organism that can utilize whey permeate, it will be 
necessary to introduce the proper lactose metabolizing genes into S. 
parasitica . Introduction of foreign DNA into fungi with successfuT 
expression of the genes has been accomplished (Spencer and Spencer, 1983; 
Turner et al., 1985; Ullrich et al., 1985). In this regard, the genes for 
lactose metabolism are perhaps the most studied and characterized in both 
prokaryotic and eukaryotic systems. 
A major difficulty in the genetic alteration of fungi with exogenous 
DNA has been the lack of a shuttle vector that is able to replicate in E. 
coli and fungi. Lambowitz and coworkers (Collins et al. 1981: Stohl and 
Lambowitz, 1983; Stohl et al., 1982) used a mitochondrial plasmid of 
Neurospora crassa to produce a recombinant plasmid that was able to 
replicate autonomously in~· coli and Neurospora. van Gorcom et al. (1985) 
successfully transformed AspergTTlus n1dulans by means of a plasmid that 
contained E. coli lacZ coding forB- galactosidase. The E. coli gene was 
cloned into the ~-c-gene of~· nidulans and used the ~C translation and 
transcription start sequences of the fungus. These s tud1es indicate that 
transformation of fungi is accomplished more efficiently by use of 
plasmids constructed from ho s t plasmid DNA that contains a promoter from 
the host. 
The genetics of Saprolegnia sp. have not been examined extensively and 
at this point it i s not known if the organism contains extrachromosomal 
DNA other than that found in the mitochondria. Based on research with 
higher fungi (Neurospora, Penicillium and Aspergillus), extrachromosomal 
plasmid DNA is likely to be found in~· parasitica. Technique s used in 
protoplast fusion of plants and yeasts should find application in this 
research. In the likely event that the transformation of~· parasitica to 
a lactose metabolizing organism is successful, a new and econom1cally 
advantageous means of using whey permeate could be available. The fact 
that~· parasitica contains a relatively simple genome should facilitate 
the identlfication of genes re sponsible for omega-3 fatty acids 
production. 
Objectives 
1. 
2. 
3. 
4. 
5. 
Examine Saprolegnia parasitica for extrachromosomal 
DNA/plasm1ds w1th the goal of using an indigenous plasmid for 
cloning genes facilitating metabolism of lactose. 
Once genetically altered, determine growth and lipid accumulation 
(fatty ac1d profile) of~- parasitica in a chemostat using lactose as 
a carbon source. 
Develop a whey permeate based medium that will provide optimum growth 
and lipid accumulation by~· 8arasitica. 
Determine the scale-up econom1cs wlth an emphasis on optimum lipid 
extraction from large scale chemostat production of~- 8arasitica . 
Clone genes for omega-3 fatty acid production into lact1c ac1d 
bacteria. 
Procedures 
A goal of this research is to produce a lactose utilizing organism 
that can accumulate PUFA's when grown on whey permeate. The organism that 
we propose to genetically alter, ~· parasitica, does not have the ability 
to utilize lactose; this feature prov1des a marker for determining if 
genetic manipulations are successful. 
The genetics of~· parasitica have not been examined to a great 
extent, therefore it will be necessary to examine the organism for 
indigenous plasmid DNA. The successfu 1 plasmid separation techniques used 
by Lambowitz and coworkers (Collins et al. 1981: Stohl and Lambowitz, 
1983; Stohl et al., 1982) in isolating plasmid DNA from mitochondria of 
Neurospora will be used initially for~· tarasitica. This technique 
involves centrifugation of mitochondrial ysates 1n cesium 
chloride-ethidium bromide gradients. Additionally, we will look for 
plasmids of non-mitochondrial origin in whole protoplast lysates. The 
size of plasmids will be determined by restriction analysis using standard 
methods (Maniatis et al ., 1982). 
Ideally, a shuttle vector will be constructed from a plasmid found in 
the fungus and a plasmid capable of replicating in E. coli. Stohl and 
Lambowitz (1983) describe construction of a shuttle-vector plasmid using a 
Neurospora plasmid cloned into pBR325, an E. coli plasmid. This chimeric 
plasm1d was able to replicate in either organ~ 
In our research, an E. coli plasmid that contains lacZ will be used 
as a cloning vector for the fungal plasmid. This shoul~rovide a 
plasmid that will replicate in either organism. van Gorcom et al. (1985) 
demonstrated that plasmids constructed in this manner will express the 
desired gene product using the fungal translation/transcription start 
point. The use of the chromogenic substrate XGal (5-bromo-4-chloro-
3-indole-~D-galactoside) in the fungal medium (Casadaban et al . , 1983) 
will facilitate selection of transformed colonies (blue) of~· \arasitica 
that are able to metabolize lactose. Antibiotic resistance wil serve as 
the marker for transformed E. coli. 
Once successfully transformed, the physiological requirements of the 
fungus will be examined with respect to growth in a chemostat. At this 
stage a whey permeate based medium lvill be developed. Ideally, this 
medium should provide a ready carbon source (lactose) and require limited 
supplementation. With respect to PUFA accumulation, optimization of pH, 
temperature, flow rates, nitrogen source and concentration, and other 
parameters as discussed by Moon et al. (1978) will be followed by GC 
analysis of the lipids of~· parasitica. Fatty acid methyl esters 
(FAME's) will be made and separated by means of capillary column gas 
chromatography procedures currently being followed in Selivonchick's 
laboratory (personal communication). Various extraction schemes will be 
examined in light of potential scale-up restrictions, i.e. solvent costs, 
removal of lipid from cell, oxidation problems, etc. 
' 5 -
The cloning of the omega-3 fatty acid genes into lactic acid bacteria 
would proceed on the assumption that these genes are located on a 
chromosome of S. arasitica. It would be necessary to develop an assay to 
recognize clones co on1es of organisms that contain these genes. Since 
expression of the genes likely would result in production of large amount s 
of the omega-3 fatty acids, clones may be recognized by a different 
colonial morphology . Replicated plates flooded with copper sulfate may 
also be used to identify fatty acid producing clones, as done to 
distinguish lipnse producing Psuedomonas organisms on milkfat agar. In 
order to develop a suitable assay, mutants of~- parasitica could be 
induced that lack the ability to synthesize omega-3 fatty acids and then 
compared to colonies of mutants and wild type cells by the above suggested 
procedures. 
Once an appropriate assay is developed, the genes responsible for 
omega-3 fatty acid synthesis could be cloned into lactic acid bacteria by 
using state-of-the-art recombinant DNA techniques. For example, 
commercially available lambda ( ).) bacteriophage with lacZ inserts could be 
restricted and ligated with similarly restricted~- parasitica chromosome 
DNA fragments . Infection of E. coli with resulting ).-phage would yield 
blue and colorless plaques on-x-gar-medium. The latter response would be 
an indic ation of insertional inactivation. Phages from such colorless 
(clear) plaques could be isolated and propagated and DNA produced 
therefrom be used for transfection of E. coli to amplify omega-3 fatty 
acid coding • -fragments. Thi s DNA, wt1Tch would contain the desired genes , 
might then be inserted into a promiscuou s vector, such as pBR322, for 
cloning into E. coli cells, and subsequently into lactic acid bacteria by 
plasmid DNA transformation. 
Since eukaryotic cell s (yeast) have introns (non-coding DNA 
sequences), it i s possible that the~- parasitica genes will not be 
expressed in bacterial systems. Therefore, another cloning strategy that 
could be used is isolation of the mRNA of the omega-3 fatty acid genes and 
then use reverse transcriptase to produce the appropriate eDNA, which 
could then be cloned into E. coli or l act ic acid bacteria. 
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Research Objectives: 
1. Examine Sapro/egnia parasitic a for plasmids with the goal of using an indigenous plasmid for 
cloning purposes. 
2. Once genetically altered, determine growth and lipid accumulation of S. parasitica. in a 
chemostat using lactose as a carbon source. 
3. Develop a whey permeate based medium that will provide optimum growth and lipid 
accumulation. 
4. Determine scale up economics with an emphasis on optimizing lipid extraction from large scale 
chemostat production of S. parasitic a. 
5. Begin work towards construction of strains of lactic acid bacteria and yeasts that are able to 
produce omega-3 fatty acids. 
Results: 
The objectives of this work are to examine the potential use of cheese whey permeate as a growth 
substrate for Saprolegnia parasitica. S. parasitica, when grown on a monosaccharide substrate, 
produces omega-3 fatty acids. Since the organism is unable to utilize lactose, we are concentrating 
on cloning lactose metabolizing genes into S. parasitica. 
Initial srudies have examined lipid profiles of S. parasitica grown in media limiting the carbon and 
nitrogen sources. The defined medium that showed optimum omega-3 fatty acid (eicosapentenoic 
acid { 20:5 M ,8, 11 ,14, 17}, EPA) production contained adequate carbon and nitrogen as glutamic 
acid and no glucose. When grown on this medium at 20 °C, the fatty acid profile of S. parasitic a 
was 24.69% EPA. When a casein hydtosylate was used as the sole nitrogen source, EPA 
production averaged 18.4% of the total fatty acid profile. Limiting the nitrogen source adversely 
affected the total growth and EPA production of S. parasitica, but increased total lipid production 
to 4.0% (wet weight basis). This data provides a baseline for further studies using genetically 
altered S. parasitic a. 
:n 
Since S. parasitica does not contain enzymes necessary for lactose metabolism, it is necessary to 
genetically transform the organism. The first step to this is formation of stable protoplasts that are 
able to regenerate cell walls and form normal hyphae. Stable protoplasts have been generated by 
use of a combination of enzymes and osmotically stabilized with 0.5 M KCI or I M sorbitol. With 
this method, approximately 20% of the protopla~ts regenerate. More recently 0.6 M sorbitol was 
found to stabilize protoplasts and allow higher regeneration percentages. 
Initial plans were to use a mitochondrial plasmid from S. parasitica as with a portion of a vector 
plasmid that would contain the genes for lactose metabolism. Based on electrophoretic analysis, no 
mitochondrial plasmids have been found. Therefore, a 'shotgun' approach has been employed 
using chromosomal DNA and various plasmids. 
Within the last month we have successfully transformed S. parasitica to lactose utilization. 
Plasmid pKRIB-Lac4-l (kindly supplied by R. Dickson) was used to transformS. parasitica by a 
polyethylene glycol procedure. This plasmid contains the B-galactosidase and lactose permease 
genes as well as an ARS section of the yeast Klyveromyces lac tis . Transformed protoplasts were 
identified by their ability to grow and produce blue colonies on a lactose based medium that 
contained the chromogenic indicator X-gal. Relatively high concentrations of plasmid DNA are 
required to achieve transformation and only 10-15 transformants/106 protoplasts have been 
obtained. Colony growth is very poor on the regeneration medium currently in use. Work to 
improve transformant growth and identification of the mode of integration of pKRIBLac4-l into S. 
parasitica are in process. Future experiments will focus on lactose uptake and whether the 
permease is needed. Development of a whey permeate medium is planned in an effon to optimize 
lipid profiles. 
Economic Impact: 
While there is some discussion of the health promoting benefits ofPUFAs (especially omega-3), it 
is generally accepted that a diet with a lrigh unsaturated to saturated fat ratio is beneficial. Some 
health expens encourage the addition of omega-3 fatty acids supplements, in the form of fish oil 
gelcaps (MaxEPA, Promega, etc), to normal diets. Additionally, it has been discovered that some 
animals when fed omega-3 fany acids are able to incorporate them into tissue fats. Hens fed fish 
meal tend to lay eggs Jrigh in omega-3 fatty acids. With markets for omega-3 fatty acids increasing, 
a new source of these fats could have an economic impact within the scope of the dairY industry. 
The most troublesome byproduct of cheese manufacture is whey permeate. Because of residual 
lactose, this byproduct is lrigh in biological oxygen demand (BOD) and therefore expensive to 
dispose of through common means. A process that could reduce the BOD and simultaneously 
produce a marketable product would be beneficial to cheese manufacturers. This research is 
designed to fulfill that need by producing microbial oil that is rich in omega-3 fatty acids making it 
comparable to salmon or other fish oils. 
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n. Examine Saproleania parasitica for extrachromosomal DNA/plasm ids with 
the goal of using an indigenous plasmid for cloning genes facilitating 
metabolism of lactose. 
2. Once genetically altered, determine growth and lipid accumulation (fatty 
acid profile) of S parasjtica using lactose as a carbon source. 
B. Develop a whey permeate based medium that will provide optimum growth 
and lipid accumulation by S. parasitica. 
4. Determine the scale-up economics with an emphasis on optimum lipid 
extraction from large scale chemostat production into lactic acid bacteria. 
Results : 
This research examines an approach to producing PUFAs from fungi 
genetically altered to lactose utilization. Saprolegnja parasjtjca, a filamentous 
fungus, was examined for eicosapentaenoic acid (20:5 omega-3, EPA) 
production when grown on six media with varied nitrogen and carbon sources. 
Optimum EPA production reached 24% of total fatty acids. In an effort to 
produce EPA from lactose, transformation experiments using the plasmid pKRI 
BLAC4-1 were undertaken. Transformation of protoplasts was by PEG/CaC12 
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ith 1 to 6 protoplasts/mg DNA transformed. Several stable transformants were 
btained. As indicated by Southern hybridization, the plasmid was incorporated 
enomically. SP829 produced 4-5 units p-galactosidase/mg protein . 14C 
lactose was used to determine lactose uptake by SP829 mycelia and 
protoplasts. Radiolabel was not detected in protoplasts or mycelia. This 
indicates that while p-galactosidase is produced the fungus lacks a functional 
lactose permease. 
Impact of Research: 
There is good evidence that the omega-3 fatty acids (PUFAs) found in certain 
fish oils have health promoting properties. Production of omega-3 fatty acids by 
a microorganism able to grow on cheese whey permeate would be 
economically beneficial to the dairy industry for several reasons. Disposal of 
whey permeate by cheese processors can be costly. A 70-90% reduction in the 
BOD of whey permeate might be expected by an organism that could produce 
oil from the organic material (lactose, peptides) in whey permeate. This could 
markedly reduce sewage disposal costs for cheese processors. Another 
economic benefit from a "dairy system" production of omega-3 fatty acids is 
provision of a valuable byproduct from whey permeate. Current nutrition 
research and related health claims indicate that increased consumption of 
omega-3 fatty acids could be quite beneficial to humans. When fed to animals, 
omega-3 fatty acids are deposited into strategic animal tissues, thereby 
improving the fatty acid profile. This and subsequent research on the genetics of 
omega-3 fatty acid producing microorganisms may facilitate cloning of these 
genes into dairy starter cultures. This could improve the fatty acid profile of 
fermented dairy products. Such a technological development may enhance the 
sales of fluid milk and milk products. 
Publications and Abstracts: 
Beattie , S.E., W.E. Sandine, D.P. Selivonchick and F.W. Bodyfelt. 1990. 
Transformation of an omega-3 fatty acid producing fungus with LAC4 (P-
galactosidase) of Kluyyeromyces ~Abstract in J . Dairy Science. 
73(6).Suppl.l. 
Patents: 
N/A 
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Examine~- parasitica for extra chromosomal DNA!plasmids with the goal of using 
an indigenous plasmid for cloning genes facilitating metabolism of lactose. 
Since ~- parasitica does not contain the enzymes necessary for lactose 
metabolism, it was necessary to genetically transform the organism. The first step 
to this was formation of stable protoplasts which were generated by use of a 
combination of enzymes and osmotic stabilization with O.SM KCI (or 1M sorbitol). 
With this method, approximately 20% of the protoplasts regenerated. 
Subsequently, 0.6M sorbitol ·was found to stabilize protoplasts and allow higher 
regeneration percentages. 
Finally, we successfully transformed ~- parasitica to utilize lactose. Plasmid 
pKR 1 B-Lac4-1 (supplied by R. Dickson, U. of Kentucky) was used to transform~­
parasitica by a polyethylene glycol procedure . This plasmid contains the 13-
galactosidase and lactose permease genes as well as an ARS section of the yeast 
Kluvveromyces lactis. The transformed protoplasts were identified by their ability 
to grow and produce blue colonies on a lactose-based medium that contained the 
chromogenic indicator X-gal. Relatively high concentration of plasmid DNA were 
found to be required to achieve transformation and only 10-15 transformants for 
every 1 X1 06 protoplasts were obtained. Colony growth was quite poor on the 
regeneration medium. 
The majority of the research was involved in the genetic alternation of ~­
parasitica. A transformation procedure was developed that allowed selection of 
transformants of ~- parasitica based on the production of 13-galactosidase. 
Because the plasmid DNA did not incorporate into chromosomal DNA, 
transformants were-unstable. While transformants were shown to be unstable, the 
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transformation procedure should work for plasmids that incorporate into 
chromosomal DNA. A plasmid based on the tripC promotor of Aspergillus nidulans 
may lead to transformants. 
2. Once genetically altered, determine growth and lipid accumulation (fatty acid profi le 
of.§. parasitica in a chemostat using lactose as a carbon source.) 
Initial studies examined lipid profiles of .§. parasitica grown in media of limited 
carbon and nitrogen sources. The defined medium that showed optimum omega-3 
fatty acid (eicosapentenoic acid {20:5t.5,8,11, 14, 17}, EPA) production contained 
adequate carbon and nitrogen as glutamic acid and no glucose. When grown on 
this medium at 20°C, the fatty acid profile of.§. parasitica was 24.6% EPA. When 
a casein hydrosylate was used as the sole nitrogen source, EPA production 
averaged 18.4% of the total fatty acid profile. Limiting the nitrogen source 
adversely aHected the total growth and EPA production ol .§. parasitica, but 
increased total lipid production to 4.0% (wet weight basis). This data provided a 
baseline for further studies using genetically altered.§. parasitica. 
3. Develop a whey permeate based medium that will provide optimum growth and 
lipid accumulation by.§. parasitica. 
A most troublesome byproduct of cheese manufacture is whey permeate. Because 
of residual lactose, this byproduct is high in biological oxygen demand (BOD) and 
therefore expensive to dispose of through common means. A process that could 
reduce· the BOD and simultaneously produce a marketable value-added product 
would be beneficial to cheese manufacturers. An intent of this research was to 
fulfill that need by possibly producing microbial oil that would be rich in omega-3 
fatty acids; thus making it comparable to salmon or other fish oils. 
One of the major objectives of this work was to examine the potential use of 
cheese whey permeate as a growth substrate for Saprolegnia parasitica . .§. 
parasitica, when grown on a monosaccharide substrate, produces omega-3 fatty 
acids. Since the organism is unable to utilize lactose, much eHort was expended 
on trying to clone lactose metabolizing genes into.§. parasitica. 
Since the transformants of.§. parasitica exhibited instability (because the plasmid 
DNA did not incorporate into chromosomal DNA), the achievement of this objective 
was not consummated. 
4. Determine the scale-up economics with an emphasis on optimum lipid extraction 
from large scale chemostat production into lactic acid bacteria. 
The constraints and limits of achieving the first two objectives of this study made 
this objective superfluous. Also, recent Food and Drug Administration restrictions 
on making any health claims for omega-3 fatty acid profiles in food products 
served to lessen the nutritional impact of this approach. 
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suits: 
pid production by microorganisms cannot be considered an economical means of 
sposing of cheese whey permeate when the lipid composition is similar to that of 
lseeds. However, the current interest of nutritionists in the health promotion role of long 
ain polyunsaturated fatty acids (PUFAs), in particular the omega-3 fatty acids (e.g. 
18,11, 14, 17-eicosapentaenoic acid {EPA)), suggests that commercial production of ~ega-3 fatty acids may be economically feasible . Relatively few microorganisms are e to produce omega-3 fatty acids ; exceptions are phytoplankton and several mentous fungi. The lower aquatic fungus, Saprolegnia parasitica, has been founcj to 
ave a fatty acid profile that contains 20% EPA. Unfortunately, ~· parasitica does not 
tilize lactose. 
his research examined the ability of~· parasitica to produce omega-3 fatty acids with 
n emphasis on optimizing the yields of this PUFA by medium manipulation. We 
Jccessfully transformed the organisms with the LACS (B-galactosidase) gene of 
luvveromyces lactis by use of the plasmid pKR1 B-LAC4-1 . Unfortunately, the resultant 
ansformants were unstable and lost the capability to produce B-galactosidase after 
3veral transfers over a period of several months. 
npact of Research : 
he primary objectives of this research were to develop an organism that would produce 
mega-3 fatty acids when grown on a medium that contained lactose · (e .g. whey 
ermeate). Saprolegnia parasitica was shown to produce an omega-3 fatty acid when 
rown on a medium that contained glucose. The influence of medium composition with 
!Spect to carbon and nitrogen source showed that optimum lipid and omega-3 fatty acid 
reduction occurred in a medium that contained glutamate as carbon and nitrogen 
purees. Omega-3 fatty acid production was also favored at 2o•c regardless of the 
ledium composition. Overall unsaturation also increased with decreased temperature . 
he major fatty acids effected by temperature were oleic, palmitic, and eicosapentaenoic 
cids. The data indicated that deactivation because of temperature may occur at the t. ' 2-
esaturase leading to omega-3 fatty acids. 
he economic considerations of this project are substantial. Lactose and cheese whey 
ermeate are an economic burden to cheese producers and a potential environmental 
urden for the community. Production of microbial lipids from whey permeate has been 
hown to be feasible, provided the lipid can compete with traditional sources. In 1986, 
apsules of omega-3 fatty acid containing oil were selling for $0.33 to $0.66/gram ($327-
665/kg) tatty acid (D.H.S. Greene, personal communication). At that time, these figures 
1ade production of oil that contained omega-3 fatty acid economically desirable and 
1asible. More recently, the effectiveness of omega-3 fatty acids in control of various heart 
iseases has come under close scrutiny. In the past year the Food and Drug 
dministration has stopped manufacturers of fish oils from making health claims. 
egardless of this action, scientific and epidemiological evidence shows that intake of 
mega-3 tatty acids can benefit cardiovascular health. 
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Jus tifi cation 
Leu conostoc organism s are i mportant members of mixed strain lactic 
streptococcal starter cultures us ed in the produ cti on of ferment ed milks and 
cheeses. They ferment mi l k c itrate and produce carbo n diox i de and diacetyl. 
The diacetyl produced is an important flavor component of cultured buttermi l k 
and sour cream and also of unripened soft cheeses such as cream chees e and 
cottage cheese. The carbon dioxide produced is import ant in eye formation in 
Gouda type cheeses and it a l so contributes to the effervescent properties of 
cultured buttermilk. While con sidera ble r e sear ch on the gen e tics of l actic 
streptococci has been carried out, very littl e is known about Leuconostoc . 
Th ey deserve more research attention because the genetic manipulat i on of 
lactic acid bacteria will hav e a major impact on food fermentations in terms 
of st rain se lection, performance, accelerated cheese ripening, food safety, 
and new product formulations. 
The strategy to be used in this research will be to gen e tically engineer 
stra ins of Leuconostoc whi ch will have more widespread use in milk 
fe rme ntati ons. Th e availability of such strains to be used in starter 
cultures will mak e possib l e t he manufacture of specialty cheeses to expand 
the market of dairy products. La rge quantities of th ese types of cheeses are 
now imported from Europe. Techniques t o introduce genes by conj ugation into 
Leu co nostoc spp. have just been dev e loped i n Or. Sandine ' s l aboratory and as 
a r es ult, accomp li shing the ob j ectives outlined below has just now become 
possible. Fulfillmen t of the objectives also will allow e nhan ced us e of 
Le uc onostoc in dairy starter cultures and their genetically impro ved 
fe r mentation characteristics will make it possible to produc e new and 
improved f ermented milk products . 
Previous work and present outlook. 
Leuconost oc is a genus of fa stid iou s gram positive bacteria of lhe 
f amily Streptococcaceae ; they ar e found in fermenting vegetables, da-ry 
products, wine and in sugar refineries (Garvie, E.!., 1974 . Genus II 
Leuconostoc van Tieghen 187 8, p. 510 - 513 . In R. E. Bu chan an and N. E. 
Gibbons ( eds.) Be rgey ' s Manual of Determinat ive Bacter i ology , 8th Editi on, 
Willi ams a nd Wil kins Co., Baltimore). Only a f ew reports occur in :he 
literature on the genet i cs of these ba cter i a. O' Su lli van and Daly (Ir i sh J. 
Food Sci. Technol. 6: 206 , 1982) were fir st to note the pr ese nce of pl asmids 
in Leuco no stoc . Orberg and Sandi ne (Appl . Environ. Mi crobial. 48:1129, 19l4) 
co nfirmed the common occurrence of plasmid DNA in Leu co no stoc. These authJrS 
al so noted that members of this ge nu s are quite resis tant to the antibiot ic 
vancomy cin. The mini mu m inhibitory co ncentrat ion of va ncomycin for stra in s 
of Leuco nostoc is greater than 500 micrograms per ml and for some strai1S , 
greater than 2,000 micrograms per ml. This discovery mad e it poss ibl e fo r 
t hese workers to develop a co njugation system whi ch has al l owed the transfer 
of certain plasmid - coded genes to r ec ipi ent Leuconostoc orga nism s from lact ic 
st r ep tococc i . The gene for nisin product ion has been transferred (Tsai and 
Sand in e , Appl. Environ . Microbial. 53 :352 , 1987) as well as t he genes for 
lactose fermentation (Tsai and Sa ndine , J. 1nd. Mi crobi al. In Press, 1987). 
Stra in s of Leuconostoc conta ining the l ac tos e-fermenting gen·es from lactic 
streptococci howe ve r are still un ab l e to coagulate milk. This is bec cuse 
they are not sufficiently proteolytic to obtain needed nitrogen from nilk 
protein. Therefore, it will be impor ta nt to in sert protease gen es into 
Le uconostoc to mak e them f ast acid prod ucers. In this regard, Kok et a l. 
( App l. Environ. Mi crobia l. 50:94, 1985) have cloned a Hindlll fragment of a 
Streptococcus cremoris Wg2 pl as mid coding for pro tease production (pWV05) 
into Baci llus subtilis a nd ~· l actis. Transformed protoplasts of slow S. 
l ac tis strains became fast ac i d producers in milk upon acquisit ion of the 
c l o ned pr otease genes. Furthermore, the Hind!!! fragme nt was a useful prob e 
for the de t ecti on of several ot her lactic streptococcal protease plasmids. 
This pr obe will be useful in detecting proteas e genes in bot h plasmid and 
chromosoma l DNA. To our knowledge, there are no other reports in the 
l iterature conce rning the ·ge net i cs of Leu conos to c . 
The research proposal i s based on the ava il abi li ty of working 
conjugation systems between lact i c streptococc i and Leuconostoc and the 
lik e ly successfu l app li cat ion of gene tran sfe r system s a nd c l on ing techniques 
to construct strains of Leuco nostoc with improv ed milk fermentation 
character i stics. It has a l so been discovered in Dr . Sandi ne ' s lab that 
Li ste ria mono c ytoge nes is inhi bited by ni s in. Wi th the ab ility to transfer 
and local i ze the ni sin genes, the applicat i on of these findings to inhibit 
Li s teria in dairy products will a l so be pursued. Stud i es are a l so propos ed 
to examin e product i on of nisin at the mol ecula r lev e l . 
Objectives : 
1 . To produce and characteriz e lact os e pos itive Leuconostoc 
transconjugants obtained by conjugal matings between S. 
la c ti s a nd Leuconostoc spp. 
2. To de ve lop tran sfo rmation and gene cloning system s in 
Leuconostoc . 
3. To introduce i nto Leuconostoc , plasmid- coded pro teas e genes 
from l ac tic streptococci (e.g. ~· cremoris Wg2 ). 
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4. To use the genetically co nstructed fast acid-producing 
~euconostoc ( lactose positive and protea se positive) to 
pro duce different fermented dairy products such as cultured 
buttermi l k, cottage and Goud a cheese. 
5. To conjugally transfer plasmid - coded nisin genes from S. 
l actis 7962 to Leuconostoc and to study this plasmid af the 
mo l ecular l evel. 
6. To amplify nisin production by gene cloning techniques . 
7. To us e ni sin producing Leuconostoc in Swiss cheese ma nufac-
ture to inhibit gas producing anaerob i c spore former s such as 
Clostridium tyrobutyricum. 
8 . To study the inhibition of ~- monocytogenes by nisin and to 
use geneti c engineering techniques t o maximize its useful 
app li cation. 
Procedures: 
Conjugation and pl asmid DNA isolation. Experience gained to date in our 
l aborato ry studying the genetics of Leuconostoc will be of great benefit to 
th i s project. As cited above, we have pub li shed methods to isolate plasmid 
DNA from bo th Leuconostoc and lactic streptococci, and have developed 
conj ugation procedures to transfer the la ctose- fermenting genes and the nis i n 
producing genes from~- lact i s to Leuconostoc . Thes e procedures, modified as 
necessary, will continue to be us ed for conjugation expe r i me nts. 
Specif i cally, the nisin gene from ~- lactis 7962, the la ctose utilization 
genes from S. l actis C2 , and the prot ease ge nes from S. cremor i s Wg2 (or 
other appropriate donor strains) 1<ill be conjuga lly transferred to 
Leuconostoc. Confirmation of Leuconost oc transconjugant s will be ba sed on 
the vancomycin and azide resistance of thes e organisms and the susceptibility 
of donor, r ec ip ient and tran sconj ugan ts to specific lactic strepto cocca l 
phages. Leuc onos toc stra ins to be us ed as recipients in co njugal matings 
will be characterize d for l eve ls of B- galactosidase and phospho- B-
galactosidase enzymes prior to genetic studies so tha t acquisition of the 
lactose utilization genes by recipi ent cells can be confirmed . Standard 
plasmid curing techniques such as treatment of cel l s with high temper ature , 
ac ridin e dyes, and novobiocin will be used, a l ong wi t h plasmid analysis, to 
determ in e transfer of specific plasmids. Onc e plasmid s have been identified, 
the specific genes inv olved will be exam in ed at the molecu lar l evel. 
Cloning and molecular characterization of genetic dete111inants. Onc e 
specific plasmids containing genes of inter es t have been identified by 
cor~jugation experi ments, they will be character ized at the mol ec ular l evel. 
First, restriction endo nuc lease maps of plasmids will be obta in ed. The 
location of the genes of interest will be determined using standard 
techniques such as transposon mutagenesis with Tn919, in vitro deletion 
ana lys is using nuclease ~31 or exonuclease III, and gene c loning. 0 n c e 
t he l ocations of the genes of i nterest have bee n determined, they will be 
subc l oned into appropriate hosts. The genes will then be transferred into 
Leu conostoc by appropriate gene transfer systems to exami ne ge ne expression 
and amplifi cat ion. I n order to clone genes directly into Leucono stoc , 
protoplast transformation systems will a ls o be de vel oped. 
Gene cloning strategies. All cloning exper iments will employ standard 
methods f or re str ic t io n enzyme digest i ons and either cohesiv e or blunt- end 
li gations. Cloning stra tegi es will atte171pt to: ( i) c l one fragments into 
str ept oc oc ca l vectors ( pGB 30 l) and transform S. lactis or Leu co nos toc 
- ---
directly (Kond o and McKay, Appl. Environ. Mi crobial . 48:25 2); (ii) clone 
des ired fragment s in s_. ~ (Oao and Ferretti, Appl. En vir on. Microbial. 
49:115, 1985) or Bacillus subtilis (Kok et al., Appl. Environ. Microbial., 
48:726, 1984) recip i ents us i ng streptococcal shuttl e vec tors (pSA3, pGK12, or 
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pGK13) followed by transformation of appropriate cloned DNA into expression 
hosts (~. lactis or Leuconostoc). Expression of genes will be evaluated in 
all recipient strains . ~· lactis and/or Leuconostoc strains possessing new 
capabilities will then be tested in pilot plant studies. Appropriate cloning 
vectors, recipient strains, and other tools for genetic analysis are 
available in Dr. Kondo's laboratory. 
Evaluation of new strains. Fast acid producing Leuconostoc strains will 
be used as starters in the preparation of various fermented milk products 
using standard manufacturing procedures. Similarly, nisin-producing 
Leuconostoc will be used in Swiss cheese manufacture containing no (control) 
or added ~· tyrobutyricum. Conventional disc assay and broth inhibition 
studies will be carri ed out to identify genetically engineered nisin-
producing strains with maximum inhibitory ability against L. monocytogenes. 
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1. To produce and characterize lactose positive Leuconostoc transconjugants obtained by 
c onjugal matings between S. Jactis and Leuconostoc spp. 
2 . To develop transformation and gene cloning systems in Leuconostoc. 
3. To introduce into Leuconostoc, plasmid-<:oded protease genes from lactic streptococci (e.g. 
S. cremoris Wg2). 
4 . To use the genetically constructed fast acid-producing Leuconostoc (lactose positive and 
p rotease positive) to produce different fermented dairy products such as cultured buttermilk, 
conage and Gouda cheese. 
5 . To conjugally transfer plasmid-<:oded nisin genes from S. Jactis 7962 to Leuconostoc and to 
study this plasmid at the molecular level. 
6 . To amplify nisin production by gene cloning techniques. 
7. To use nisin producing Leuconostoc in Swiss cheese manufacrure to inhibit gas producing 
anaerobic spore formers such as Clostridium tyrobutyricum. · 
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8. To study the inhibition of L. mo/UJcytogenes by nisin and to use genetic engineering 
techniques to maximize its useful application. 
Results, Utah State University: 
Our research for the past year has focused upon objectives 3 and 5 as described above. Studies 
were initiated to examine the conjugal transfer of nisin production among strains of Lactococcus 
lactis ssp. Iactis (formerly S. Iactis, 5). These experiments led to the development of a new, rapid 
and efficient method for conjugation in these organisms. Using this technique, which we term 
"direct-plate" conjugation (1), we have been able to more efficiently transfer the nisin 
production!unmunity and sucrose phenotypes (4,6) into a variety of Lactococcus Iactis ssp. lac tis 
recipients (Table 1). We have also been able to transfer these traits into Lactococcus lactis ssp. 
cremoris SW224. Plasmid analysis confirmed the transfer of the nisin genes from L. lactis ssp. 
lactis 11454 to L. Iactis ssp. cremoris SW224 (Figure 1). Nisin assays using the agar overl:~y 
technique described by Steele and McKay ( 6) demonstrated that all transconjugants produce the 
antibiotic (Fig. 2). We are presently involved in experiments to transfer the nisin genes into 
Leuco/UJstoc. We plan to use other lactic acid bacteria as recipients in future experiments as we 
see many applications among dairy, food, and agricultural lactic fermentations. 
In related research examining plasmid-encoded proteinase activity in lactococci, we have found 
that the proteinase genes, located on the lactose plasmid (2,3), are not sufficient for fast-acid 
pro-duction in many strains which acquire the plasmid. Results from conjugation and electro-
transformation studies indicate that additional gene(s), located on a 43 kb plasmid of L. lac tis ssp. 
Iaais CzO, are required for fast acid production in many lactococcal strains. The additional 
gene(s) required can be either plasmid or chromosomally encoded depending on strain. These 
results suppon prior data obtained in Dr. Sandine's laboratory where Leuco/UJstoc recipients, 
elecrrotransformed with a lactococcallactose-proteinase (Lac+J>rt+) plasmid, only showed a slight 
increase in proteolytic activity (unpublished results). Experiments are presently underway in Dr. 
Sandine's laboratory to co-transform Leuco/UJstoc with the Lac+Pn+ and Pn factor plasmids to 
pro-duce Leuconostoc strains with rapid-acid producing capabilities. 
Res ults, Oregon State University: 
Duling the past year we have developed a successful transformation system for LeucoiUJstoc 
species using electroporation. Various parameters such as voltage, buffer composition, and 
capacitance levels have been determined for obtaining optimal transformation frequencies. This 
system has been used to successfully transform Leuconostoc mesenteroides ssp. cremoris, 
Leuco/UJstoc mesenteroides ssp. dextranicum, and Leuco/UJstoc Iactis. Under these conditions, 
transformation does not alter the resident plasmid DNA content of the recipient cells. Several 
~lo111ing vectors which replicate in Leuco/UJstoc have also been identified. 
Wi.th the electro-transformation system developed, transformation frequencies are at sufficient 
leve ls to allow for cloning directly into Leuco/UJstoc spp. or to allow the transformation of intact 
plasmids isolated from suitable donor organisms. Without these possibilities, passage of DNA 
thro ugh other organisms (e.g._Bacil/us subtilis, Escherichia coli) would be necessary. These 
situations would be of relevance when genetically engineered strains are considered for approval 
by appropriate regulatory agencies. 
Future research involving the transformation and cloning of proteinase and lactose utilization 
genes from lactococci into Leuco/UJstoc is now possible since the necessary components for a 
gene cloning system in Leuco/UJstoc spp. have been defined. 
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Impact of Research - Nisin: 
Nisin, a polypeptide antibiotic produced by some strains of L. lactis ssp. Jactis, is an effective 
inhibitor of gram-positive bacteria. It has been used as a food preservative in Europe since 1954 
and has recently been approved for use in the United States for certain dairy products. 
For many years researchers have been interested in cloning the nisin genes into other organisms 
used to manufacture fermented foods thus enhancing the shelf-life of these products. Use of 
conjugation, a narural gene transfer process, is another avenue to achieve this end. New strains 
constructed via conjugation receive only genes that have come from safe, food-grade lactic 
organisms. As a result, conjugally manipulated strains will have fewer FDA restrictions than 
strains developed using recombinant DNA technology. 
Using the direct plate conjugation method developed, we were able to transfer the nisin 
production!unrnunity and sucrose utilization genes among lactococcal strains. These results 
suggest that we may be able to conjugally transfer the nisin genes to other genera of lactic acid 
bacteria. We can envision many applications among dairy, food, and agricultural lactic 
fermentations for the use of nisin-producing lactic acid bacteria to enhance the shelf-life and safety 
of foods. 
Impact of Research - Rapid acid-producing Leuconostoc spp. 
Leuconostoc spp. are slow acid-producers in milk and thus are unable to produce appreciable 
amounts of diacetyl in pure milk culrures. This has been accredited to the lack of proteolysis and 
limited lactose utilization. In mixed culrures with lactococci, the growth of Leuconostoc is often 
inhibited, resulting in the lack of desirable flavor in culrured products. It is believed that by 
incre.asing the levels of proteolysis and lactose utilization of Leuconostoc, flavor defects that 
commonly occur may be eliminated. Improved strains of Leuconostoc will also allow the 
manufacrure of specialty cheeses similar to varieties now being imported or the development of 
new fermented dairy products. The characterization of a second proteinase factor and the 
development of an efficient transformation system for Leuconostoc now make possible the 
construction of Leuconostoc strains which grow and rapidly produce acid in milk. 
Publications: 
Broadbent, J. R., Y. C. Chou, K. Gillies, and J. K. Kondo. 1989. Nisin inhibits several gram-
positive, mastitis-causing pathogens. J. Dairy Sci. 71 : in press. 
Broadbent, J. R., J. K. Kondo, and W. E. Sandine. 1989. Conjugation in Lactococcus /actis 
ssp. lactis on selective media. Submined for publication, Appl. Environ. Micro bioi. 
Mahmoud, H. M. A., W. E. Sandine, and J. K. Kondo. 1988. Lactose use by genetically 
mani pulated Leuconostoc. J. Dairy Sci. 71 (Suppl. 1): 63. 
Wyckoff, H. A., W. E. Sandine, and J. K. Kondo. 1989. Electrotransformarion of 
Leuconostoc with plasmid DNA. J. Dairy Sci. 72 (Suppl. 1):113. Manuscript in preparation. 
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Table 1. Conjugal transfer frequencies using direct and milk agar plate techfliques. 
Mating Transfer frequency 1 
donor x recipient Selected phenotype Technique transconjugants/donor 
ML3 xLM2306 Lac+Eryr Milk agar, Rp2 2.2 X IQ-9 
ML3 xLM2306 Lac+Eryr Milk agar, harvest3 1.1 X IQ-7 
ML3 xLM2306 Lac+Eryr Direct -plate 1.1 x w-7 
ML3 filtrate x LM2306 Lac+Eryr Direct -plate 0 
ML3 + DNase x LM2306 + DNase Lac+Eryr Direct -plate 6.2 X IQ-8 
Non-viable ML34 x LM2306 Lac+Eryr Direct-plate 0 
ATCC 11454 x LM2306 Suc+Eryr Milk agar, Rp2 2.4 X IQ-8 
ATCC 11454 x LM2306 Suc+Eryr Milk agar, harvest3 1.9 X IQ-6 
ATCC 11454 x LM2306 Suc+Eryr Direct -plate J.3 X IQ-5 
A TC C 11454 filtrate x LM2306 Suc+Eryr Direct -plate 0 
ATCC 11454 + DNase x LM2306 + DNase Suc+Eryr Direct -plate 2.7 X IQ-7 
Non-viable x LM2306 
ATCC 114544 
Suc+Eryr Direct-plate 0 
loonor CFU was calculated using initial donor counts for direct and replica-plated milk agar 
plates . Frequencies for harvested milk agar plates were determined using modified donor counts 
(see text). 
2Transconjugants obtained by replica-plating onto selective media (2). 
3conjugal mixture harvested from milk agar using 1 ml 0.85% saline and then plating cells on 
selective media (8). 
4oonors heat-killed (55°C for 1 h) or chlorox treated (6). 
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Figure 1. Plasmid profiles of Lactococcus /actis ssp. cremaris SW224 nisin-producing 
transconjugants. Lanes A-F, Nisin-producing SW224 transconjugants; Lane G, SW224; Lane 
H, ID0213 recipient strain containing pGK13; Lane I, E. coli V517 reference mobility plasm,ids. 
Figure 2. Nisin assays oftransconjugants. Left plate, 11454 nisin-producing donor strain 
showing inhibition of indicator strain (L. lac tis ssp. lac tis) 
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1. lfo produce and characterize lactose-positive Leuconostoc transconjugants 
C)btained by electro-transformation betwe en Lactococcus ~and 
L euconostoc ssp . 
2. lfo introduce into Leuconostoc plasmid-coded protease genes from lactococci 
(ie.g. Lactococcus cremoris Wg2). 
3. lfo use genetically constructed fast acid-producing leuconostoc (lactose-
positive and protease-positive) to produce different fermented dairy products 
s uch as cultured buttermilk, cottage and Gouda cheese. 
Res1ults: 
Previious progress reports from our laboratory have outlined a number of advances 
madffi toward the meeting of the objectives stated above. Transformation of 
Leuc:onostoc spp. of interest to the dairy industry via electroporation is now a 
comrmonplace procedure in our laboratory and allows us to easily introduce foreign 
DNA, into Leuconostoc spp. We have recently extended these observations so that 
all species of Leuconostoc used in dairy fermentations have been transformed with 
cloni10g and shuttle vectors (see Wyckoff et al. 1990 below) . 
As ttne trans!ormation procedures for Leuconostoc spp. have been worked out, we 
havel been worked out, we have turned our attention to objectives 1 and 2 above. 
We mated in last year's report the preliminary observation that Leuconostoc 
crem1orjs 19254 had been transformed with Lactococcus ~ DNA. These 
42 
ansf(ormants had elevated beta-galactosidase and phospho-beta-galactosidase 
ctivitiies. In addition, some of these transformants were found to have elevated 
rotemse activity. To date, after numerous attempts, this has not been repeated, and 
he ortiginal transformants no longer behave as reported. 
iven the above results, we have decided to abandon for the time being 
rransf<armation with L ~ native plasmid or chromosomal DNA and concentrate 
on tratnsforming Leuconostoc spp. with genes cloned into plasmid vectors. The 
genes; that we would like to transfer to Leuconostoc from the lactococci are ~ 
ancodling phospho-beta-galactosidase and perhaps .!.ru;.E.!;. encoding 
ohosp>hoenolpyruvate-dependent phosphotransferase system components Factor 
Ill anal Enzyme 11--both specific for the utilization of lactose. To this end we have 
:lone<d and expressed the ~product in Escherichia kQ]i on a shuttle vector 
pNZ1 18. We have shown, previously, that the vector can be transferred to 
Leucomostoc spp. at frequencies of ca. 1 0 transform ants per mg of DNA. We have 
also s;hown that the chimeric pNZ18:1acG plasmid purified from .E., .QQ!i can be 
transfierred to Leuconostoc. Unfortunately, the chimeric plasmids recovered form 
the transformants had significant portions of the DNA deleted. 
These results signal that there may be problems associated with the expression of 
lru;G. iin the host strain used, since DeVos and coworkers recently reported the 
expre:ssion of a~ clone in both .E., QQ)i and Leuconostoc paramesenteroides. So 
little is known of restriction and modification systems in the Leuconostoc that it may 
be that we inadvertantly picked a host strain with a restriction system that 
recogmizes the foreign DNA that we wish to introduce and degrades it. We have, 
howewer, picked strains that are important to dairy product manufactures instead of 
strain:s based on their ease of manipulation. 
Presemtly, experiments are also underway to isolate the chromosomal genes that 
code ·tor the lactose permease in Streptococcus thermophilus. Our objective is to 
place the beta-galactosidase gene and the lactose permease gene from .S.. 
therm~ophjlus on a single plasmid. We will then transform Leuconostoc with this 
plasrmid and assay for reconstitution of lactose metabolism in the host. 
In thel last year we have begun experiments on introducing proteinase genes into 
Leuconostoc spp., particularly Leuconostoc dextranicum 44-4. Initial experiments 
involvted transformation of strain 44-4 with a w:tM.E clone (supplied by J . Kondo, 
Utah State University). This proteinase gene is not completely functional even in 
Lacto,coccus ~ LM2306, where it was originally cloned, but we have used it to 
,give us some idea of our ability to introduce and maintain foreign DNA in strain 
444. 1A recombinant plasmid containing the proteinase gene from Lactococcus 
~ was found in transformants from this experiment, however, many of these 
also contained insertions and deletions. Again, these experiments indicate our . 
abilityr to transform Leuconostoc, but also indicate that our choice of host strain has 
to be re-examined. We are also working to obtain a fully functional QttME clone. 
Becatuse of work on the genetics of proteolysis in the lactococci , it is becoming 
increasingly clear that the presence of the lactococcal-type proteinase (prtMP 
prodwct) in a strain is not enough for fast growth in milk, i.e. for the utilization of 
caseiln as a source of amino acids and nitrogen. Von Wright and co-workers in 
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inlamd and J. Kondo and K. Gillies at Utah State University have shown that a 
ene block that we call PrtA is absolutely required in addition to proteinase genese 
or grcowth in milk but is not required for growth in M17-broth culture. Kondo and 
illieffi have further demonstrated that the PrtA block is located on pJK430, a 43 kb 
plasrmid in Lactococcus ~ C20, and is chromosomally encoded in Lactococcus 
(rujLs_ C2 (Manuscript in preparation). We have demonstrated that the PrtA block is 
!located on a 1 0 kb .6.arnl:il. restriction fragment of pJK430 and we are currently 
lattem1pting to clone this fragment in a lactococcal host. The activity of PrtA most 
probably is hydrolysis and/or transport of small peptides made available to the cell 
by the hydrolysis of caseins by the proteinase enzyme. 
Gene1tic analysis of PrtA has been hampered in the .L. ~ C20 system by the fact 
that tlhe PrtA phenotype is not a good selective marker for the presence of pJK430 
in oth1erwise plasmid-free strains. We have overcome this problem by inserting a 
trans1poson (Tn919) encoding resistance to the antibiotic tetracycline into the 
plasrmid. This was accomplished by mating an Enterococcus~ strain 
contatining Tn919 as a conjugative transposon with a streptomycin-resistant isolate 
of .L. !~ C20. Tn919 was shown to integrate into pJK430, without loss of PrtA 
functiion, by DNA-DNA hybridization studies and the demonstration of transfer of 
tetracycline resistance with the transfer of the pJK430:Tn919 plasmid via 
electrroporation. 
Now that we have pJK430:TN919 isolated in a strain, we have a source of DNA 
that vNe can use for cloning of the PrtA gene block. It may be that the PrtA block will 
also lhave to be added to Leuconostoc spp. to enable them to grow rapidly in milk, 
depe,nding of corse on the strains native ability to process and transport peptides. 
Finallly, we have begun thinking of the final form in which we would like to add 
foreign DNA to Leuconostoc spp. Since Leuconostoc plasmids are extremely 
stablte in host strains, we are interested in developing cloning vectors based on a 3 
kb Leuconostoc dextranjcam 226 plasmid. This work is just beginning, but 
restriiction mapping has already identified a number of restriction sites that will be 
useful in our efforts to construct the vector. 
In the course of this work, we have modified the technique of colony hybridization , 
a statndard a method in .E . .Q.Q)i molecular biology, so that it can be used to identify 
sequrence homology of a known DNA probe with that of DNA released from 
isolatted Leuconostoc colonies on nylon membranes. This methodological 
advamce, like others, will build up our stock of tools that are necessary for genetic 
engimeering in these organisms. In addition , we plan to sequence the plasmid so 
that 1we might better understand how plasmid structure in the Leuconostoc 
compares to other more thoroughly .studied plasmids in gram-positive and gram-
negaltive bacteria. Although this work will no doubt require more time than the 
curre!nt funding period, basic studies like this will enable us to design experiments 
from a more sound conceptual base, and will perhaps allow us to make 
modiification in the genetic complement of Leuconostoc spp. with greater ease in 
the fluture. 
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mpatct of Research: 
~hilel a great deal of research effort has been focused on the genetics of lactose rmemtation and proteolysis in the lactococci, very little is known about the enettics of the genus Leuconostoc. The results outlined above, as well as those previously reported, help lay the groundwork for the genetic engineering of 
Leucmnostoc spp. for the dairy industry. Fulfillment of the objectives outlined above 
will alllow enhanced use of Leuconostoc spp. in dairy starter cultures and may 
make1 possible the production of specialty cheeses to expand the market of dairy 
prodwcts. 
Publiications and Abstracts: 
Wyckcoff, H.A., W.E. Sandine and J.K. Kondo. 1989. Electroporation of 
L.euconostoc with plasmid DNA. J. Dairy Sci. 71 :Suppl. 1 Abst. 
Kondto, J.K., H.A. Wyckoff, and W.E. Sandine. 1989. Genetic manipulation of 
Leuconostoc for improved milk fermentations. Society for Industrial 
rv~icrobiology meeting. Abst. 
Wyckcoff, H.A. , W.E. Sandine, and J.K. Kondo. 1990. Transformation of dairy 
L.euconostoc using plasmid vectors from~. Escherich ia coli , and 
L actococci hosts. Manuscript in preparation. 
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Objectives: 1. To produce and characterize lactose positive Leuconostoc 
transconjugants obtained by conjugal matings between 
Lactococcus and Leuconostoc spp. 
2. To develop transformation and gene cloning systems in 
Leuconostoc. 
3. To introduce into Leuconostoc. plasmid-coded protease 
genes from lactococci (e.g. i,. J.ill;1j§_ ssp. cremoris Wg2). 
4. To use the genetically constructed fast acid-producing 
Leuconostoc (lactose positive and protease positive) to 
produce different fermented dairy products such as cultured 
buttermilk, cottage and Gouda cheese. 
5. To conjugally transfer plasmid-coded nisin genes from i,. 
J.acti.s. ssp. J.acti.s. 7962 to Leuconostoc and to study this 
plasmid at the molecular level. 
6. To amplify nisin production by gene cloning techniques. 
7. To use nisin producing Leuconostoc in Swiss cheese 
manufacture to inhibit gas producing anaerobic sporeformers 
such as Clostridium tyrobutyricum. 
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Resu1lts: 
8. To study the inhibition of 1.. monocvtogenes by nisin and to 
use genetic engineering techniques to maximize its useful 
application. 
Our research has been focused upon objective 3 as outlined above. We have 
been investigating the conjugal transfer of nisin-production and immunity using 
a rapiid new method of conjugation, called direct-plate conjugation (DPC), that 
we re1ported last year. These experiments have allowed us to accomplish 
sever<al important steps. These include the development of an improved 
efficiemcy of transfer for nisin-producing capability, successful transfer of nisin-
produicing ability into several strains of]..~ ssp. cremoris, as a model for 
transffer techniques into Leuconostoc. and the demonstration that cell surface 
proteiins are involved in high-frequency conjugal transfer of lactose utilization 
capability. 
The s;tudies we have performed to maximize the efficiency of transfer for nisin 
prodUJcing ability have allowed us to increase the frequency 10- to 1 00-fold for 
transffer among]. . .!ill;,!,is, ssp.~ (Table 1 ). This capability has permitted our 
subsequent studies of transfer into, and expression in,].. lactis ssp. cremori s 
(Tabl!e 2). We selected L.l.alllis. ssp. cremorjs as a model system for studying 
low frrequency transfer of nisin production for eventual application to 
Leuconostoc spp. These investigations were not possible using traditional 
conjwgal methods because the frequencies were usually so low as to be 
undettectable. Among the results of these studies was the discovery that the 
stabiliity of the nisin-producing phenotype is strain dependant. This is important 
becawse the only nisin-producing Leuconostoc transconjugant obtained thus far 
was wnstable, but data from the 1.. J.alllis. ssp. cremorjs experiments suggests 
that s;table Leuconostoc hosts may be found. These experiments are presently 
in prmgress. 
Studites are also in progress to investigate the ability of the nisin-producing].. 
l.alllis. . ssp. cremorjs transconjugants to inhibit a variety of Gram-positive 
pathoJgenic and spoilage organisms, including .S.. ~. 1.. monocytogenes. 
~ spp., and Clostridium spp. In results relating to objective 6, data for 
theseJ transconjugants shows that some are able to produce more nisin than the 
.!.. ~ssp . .!ill;,!,is, donor strain, 11454. In addition, we have discovered that 
theseJ transconjugants also acquired genes for reduced sensitivity to some 
bacteJriophage and that the ability to produce acid in milk is not affected by the 
nisin--producing phenotype (Table 3) . These results suggest nisin-producing 1.. 
l.alllis.t spp. cremoris may be well suited to industrial use and our studies aimed 
at thi:s application will continue. 
Addittional experiments using DPC have shown cell surface proteins are 
involwed in high-frequency conjugal transfer of lactos utilization. Follow up 
studi1es are in progress to identify and characterize these proteins and 
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eterrmine whether they can be introduced into other cells to increase the 
ransf<er frequency of other traits, such as nisin producing ability. 
lmpacct of Research: 
Nisin iis a peptide antibiotic produced by some strains of Lactococcus l.ru;1i.s, ssp. lru:ti.s. .. It inhibits a variety of Gram-positive organisms and evidence has now 
been 1presented indicating some Gram-negatives may also be affected. For 
many years researchers have been interested in cloning the nisin genes into 
other organisms used to manufacture fermented foods to enhance the safety 
and slhelf stability of these foods. 
Studies of the genetic basis for nisin production have demonstrated that nisin is 
synthtesized as a precursor protein that requires post-translational modification 
to yie lld the active antibiotic. Although the nisin precursor gene has been 
clonetd and sequenced, nisin production by clones has not been reported. 
Prodwction will likely required cloning of the genes encoding the enzymes 
needed for activation and, if the cloning host is sensitive, genese fro nisin 
immumity. The use of conjugation, a natural form of gene transfer, is a simpler 
and ;well established way to introduce nisin producing ability into other 
orgamisms. 
Becatuse strains constructed via conjugation receive only DNA from safe, food 
grade! lactic organisms, they will have fewer FDA restrictions that strains 
constrructed using recombinant DNA technology. This approach is very 
attrac:tive because many important traits in dairy strains are conjugative, 
including nisin production, lactose and protease utilization, and phage 
resistance. The development of direct plat conjugation has allowed us to 
overc:ome some of the limitations present in traditional methods for conjugation 
and c:onstruct several strains of nisin-producing .L. l.ru;1i.s, ssp. cremoris as 
modells for application to Leuconostoc. Results of these experiments have 
suggested that stability in Leuconostoc may also be strain dependent and 
there!fore stable hosts may be obtained. 
In ad(dition, our studies suggest it is possible to construct nisin-producing .L. 
!acti.s_ssp. cremoris from industrial strains to use as blends in mixed and 
multiple starter systems. Studies are underway to evaluate the possible safety 
and pJreservative benefits these strains may provide. Finally, our experiments 
aimecd at identifying the cell surface proteins involved in high-frequency 
conjucgation may eventually allow for an even broader application of 
conjucgation to dairy strain improvement. 
Publlications: 
Broacdbent, J .R., Y.C. Chou, K. Gillies, and J.K. Kondo. 1989. Nisin inhibits 
s;everal gram-positive , mastitis-causing pathogens. J. Dairy Sci. 72:3342-
31345. 
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roadlbent, J.R., and J.K. Kondo. 1990. Genetic construction of nisin-producing 
.!, .. ~ spp. cremoris and analysis of a rapid method for conjugation. 
Mlanuscript submitted to Appl. Environ. Microbial. 
Abstrracts: 
Broadlbent, J.R., and J.K. Kondo. 1990. Genetic construction of nisin-producing 
sttrains of Lactococcus ill@ ssp. cremoris . J. Dairy Sci. 73 (Suppl. 1) .72. 
Gillies, K., and J.K. Kondo. 1990. Plasmid encoded elements required for 
ptroteolysis of milk proteins by Lactococcus ~ssp.~. Third 
S)Ymposium on lactic acid bacteria; genetics, metabolism, and applications, 
'v\Vageningen , The Netherlands. 
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Table 1. Comparison of conjugal transfer frequencies us ing DPC and milk agar plate tech_rligues. 
Mating Selected phenotype Technique Transfer frequency 
donor x recipient transconjugants/donor CFU 
ML3 x LM2306 Lac+Emr Milk agar; RPa 2.2 x 1 o-9 
ML3 x LM2306 Lac+Emr Milk agar; harvestb 1.1 X 1Q-7 
ML3 x LM2306 Lac+Emr DPC 1.1 X 10-7 
ML3 filtrate x LM2306 Lac+Emr DPC 0 
ML3+DNase x LM2306+DNase Lac+Emr DPC 6.2 X 10-8 
Non-viable ML3C x LM2306 Lac+Emr DPC 0 
ATCC 11454 x LM2306 Suc+Emr Milk agar; RPa 2.4x1o-s 
ATCC 11454 x LM2306 Suc+Emr Milk agar; harvestb 1.6 X 1Q-6 
ATCC 11454 x LM2306 Suc+Emr DPC 7.0 X 10-6 
ATCC 11454 filtrate x LM2306 Suc+Emr DPC 0 
ATCC 11454+DNase x LM2306+DNase Suc+Emr DPC 8.7 X 1Q-7 
Non-viable x LM2306 Suc+Emr DPC 0 
ATCC 11454c 
arransconjugants obtained by replica-plating onto selective media (2). 
bconjugal mixture harvested from milk agar using 1 ml 0.85% saline and plating cells on selective media (27). 
"' 0 
able 2. Fre . cremoris usin DPC. 
Direct-plate conjugation of Nip+~+ 
!Recipient 
1.. ~ssp. cremoris SW 224 
(Protoplast transformed with pGB301 ; 
Woskcow and Kondo , 1987) 
L. ~ssp. cremoris JKEB30 
(Eiectlroporated with pGB301) 
~. J.aQ11i.s. ssp. cremorjs JBC313 
(Eiecttroporated with pGK13) 
Nip+Suc+ Transfer frequency 
(Transconjugants/donor CFU) 
3.6 X 1Q-7 
4.5 X 1Q-8 
3.9 X 1Q-7 
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ableJ 3. Characteristics of Ni +Sue+ transcon ·u ants. 
Strairn Sensitivit to 07962 Fast acid roduction 
1.- la<ctis ssp. lactis: 
1145·4 (Nip+Suc+ donor) not determined 
1.. ~ssp. cremoris: 
CS224 + + (but unstable) 
JB54;24 (Nip+Suc+) + (but unstable) 
EB7 + + 
JB541EB (Nip+Suc+) + 
C3 + + (but unstable) 
JB541C3 (Nip+Suc+) + (but unstable) 
Projtect Title: 
Personnel: 
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1. To produce and characterize lactose positive Leuconostoc transconjugants 
obtained by conjugal matings between Lactococcus and Leuconostoc spp. 
2. To develop transformation and gene cloning systems in Leuconostoc. 
3. To introduce into Leuconostoc, plasmid-coded protease genes from lactococci 
(e.g . L. lactis ssp. cremoris Wg2). 
4. To use the genetically constructed fast acid-producing Leuconostoc (lactose 
positive and protease positive) to produce different fermented dairy products 
such as cultured buttermilk, cottage and Gouda cheese. 
5. To conjugally transfer plasmid-coded nisin genes from L. lactis ssp. lactis 
7962 to Leuconostoc and to study this plasmid at the molecular level. 
6. To amplify nisin production by gene cloning techniques. 
7. To use nisin producing Leuconostoc in Swiss cheese manufacture to inhibit 
gas producing anaerobic sporeformers such as Clostridium tyrobutyricum. 
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83. To study the inhibition of L. monocytogenes by nisin and to use genetic 
engineering techniques to maximize its useful application. 
ResiUits, Utah State University: 
Our I research has been focused upon objectives 3 and 6 as outlined above. We have 
contiinued our investigation of conjugal transfer of nisin production and immunity in a 
lacto1coccal model system. These studies have examined the effects of various 
phys;iological and environmental factors upon transfer efficiency, in order to develop 
mettnodology which will permit transfer into Leuconostoc sp. Results from these 
experiments have allowed us to accomplish several important steps. First, as reported 
last wear, was the development of the direct plate conjugation technique (DPC) which 
imprroved the efficiency of transfer for nisin-producing capability. This led to the 
succ;essful transfer of nisin-producing ability into several strains of L. lactis ssp. 
crermoris. During the past year we were able to conjugally transfer the nisin genes into 
3 strrains of Streptococcus salivarius ssp. thermophilus. Transconjugants of these 
straiins were immune to nisin and also acquired sucrose fennenting ability, but nisin 
prodjuction was not detected by an agar overlay assay. Hybridization data, however, 
indicated that the nisin structural gene, nisA. was present in transconjugants. Our 
inve1stigations have also suggested that the conjugative enterococcal plasmid pAM-
betru-1 (5) facilitated the intergeneric transfer. Experiments are presently underway to 
determine if the use of pAM-beta-1 will also facilitate transfer of these genes to other 
dai 11y microorganisms such as Leuconostoc sp. 
In rEelated research , we used Escherichia co/ito clone a 10 kb Kpn I fragment which 
conltained the nisA gene from the nisin-producing strain Lactococcus lactis ssp. lactis 
114:54. Sequence data published by other investigators (1,2) indicated that the nisA 
gen1e was located approximately 1.5 kb downstream of the 5' end of our fragment and 
this . orientation was· supported by restriction analysis of the fragment. Published data 
also showed that our fragment lacked an RNA polymerase promoter sequence for 
tramscription of nisA and one subsequent gene which are part of a polycistronic 
ope1ron (4) . Because genetics studies have indicated that the genes for nisin 
procduction and immunity, sucrose utilization , and reduced bacteriophage sensitivity 
are linked (3) , we wished to determine whether our fragment would express one or 
mo1re of these phenotypes in a lactococcal host. To accomplish this we constructed 
pla$mid pJB1 00, which placed the fragment downstream of the promoter for the 
erytthromycin resistance gene of the vector pGK13. After Lactococcus lactis ssp. lactis 
LM(Q230 was electrotransfonned with pJB 1 00, however, we were not able to detect 
anYJ changes in the phenotypes of transformants. Additional studies are underway to 
det(ermine whether the presence of pJB1 00 in nisin-producing lactococcal 
trarnsconjugants may alter levels of nisin production through a gene dosage effect. 
lmjpact of Research - Nisin: 
Nis;in , a peptide antibiotic produced by some strains of Lactococcus lactis ssp. lactis, is 
an effective inhibitor of Gram-positive bacteria. The antibiotic has been approved for 
usEe as a food preservative in over forty-five countries, ilicluding the United States. For 
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manlY years, investigators have been interested in transferring the nisin genes into 
othe1r organisms used to manufacture fermented foods to enhance the shelf life of 
theste products. Conjugation, a natural gene transfer process, may be useful to 
achi£eve this goal. Bacterial strains that are developed via conjugation contain genes 
that <only come frOm other safe , food-grade lactic acid bacteria. Consequently, 
conj1ugally improved strains may face fewer FDA restrictions, with respect to industrial 
appliication , than strains which are improved through recombinant DNA technology . 
Our studies of conjugation have yielded new methodology which has allowed us to 
inve:stigate many of the parameters which affect transfer of the nisin genes. This work 
has led to improved transfer efficiency and the subsequent ability to transfer these 
genes into strains of Lactococcus lactis ssp. cremoris and Streptococcus salivarius 
ssp. thermophilus. These results indicate that we may be able to use conjugation to 
intro1duce the nisin genes into leuconostocs and other genera of lactic acid bacteria. 
We •can foresee many applications for nisin-producing lactic organisms among dairy , 
food!, and agricultural fermentations, to enhance the safety and shelf-life of foods. 
Comstruction of rapid acid-producing leuconostocs: 
Lewconostoc ssp. are slow acid-producers in milk and thus are unable to produce 
app<reciable amounts of the important flavor compound, diacetyl, in pure milk cultures. 
This shortcoming has been attributed to the lack of milk proteolysis and limited lactose 
utili ;;zation. If the growth of leuconostocs is slow or inhibited, the resulting product lacks 
desiirable flavor. Increasing the levels of proteolysis and lactose utilization, by gene 
tran1sfer from lactococci to leuconostocs, may reduce or eliminate flavor defects in 
ferrrnented milks. Improved Leuconostock ssp. may also allow the manufacture of 
spe<cialty cheese similar to varieties now imported, or allow development of novel dairy 
prolducts. 
Pulbli cations: 
Bro•adbent, J.R., and J.K. Kondo. 1990. Genetic construction of nisin-producing L. 
lacttis ssp. cremoris and analysis of a rapid method for conjugation . Appl. Environ. 
Mic:robiol. 57 :517-524. 
Ab,stracts: 
BrO>adbent, J.R., and J.K. Kondo. 1990. Genetic construction of nisin-producing 
strains of Lactococcus lactis ssp. cremoris. J. Dairy Sci. 73 (Suppl. 1 ):72. 
Wcung, H., and J.K. Kondo. 1991 . Study of the physical and functional characteristics 
of cell clumping in Lac+ transconjugants of Lactococcus lactis ssp. lactis ML3. J. Dairy 
Scii. 74 (Suppl. 1 ):25. 
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lbjec!tives: 
his has been a joint project between USU and OSU . Research on nisin has been done at USU 
rhile dJevelopment of Leuconostoc- Lactococcus genetic exchange procedures has been done 
t OS L Leuconostoc bacteria are mixed with Lactococcus strains to produce and market 
ifferemt types of milk products. The Leuconostoc produce flavor (diacetyl) while the lactococci 
roduc:e acid. Both are required and neither can produce what the other produces. Therefore in 
1is refSearch we are developing methods to introduce lactococcal genes into Leuconostoc in 
rder tthat the latter can be used alone to produce traditional and innovative fe011ented dairy 
rroducts . 
. To p1roduce and characterize lactose positive Leuconostoc transconjugants obtained 
by cconjugal matings between Lactococcus !a.Q1i.s. and Leuconostoc spp. 
!. To dJevelope transformation and gene cloning systems in Leuconostoc 
l .To imtroduce into Leuconostoc. plasmid-coded-protease genes from lactic streptococci . 
tTo u1se the genetically constructed fast acid-producing Leuconostoc to produce 
diffe1rent fermented dairy products such as cultured buttermilk, cottage and Gouda cheese. 
S.To c:onjugally transfer plasmid-coded nisin genes from Lactococcus !a.Q1i.s. to Leuconostoc. 
5.To amplify nisin production by gene cloning techniques. 
V'.To wse nisin producing Leuconostoc in Swiss cheese manufacture to inhibit gas producting 
anaterobic spore fo011ers such as Clostrjdjum tyrobutyrjcum 
B.To study the inhibition of 1.. monocytogenes by nisin and to use genetic engineering to 
ma>ximize its useful application 
Resu1lts : 
In OJur previous yearly reports , we have discussed the progress that we have made towards 
fullfilliing the objectives of our studies on Leuconostoc. In summary, we have developed a genetic 
transfformation system which has been applicable to all species of dairy Leuconostoc By using 
this pJrocedure, we have identified a number of cloning vectors which can be used in genetic 
studi£es pertaining to Leuconostoc. Although 4!1.§uccessful, preliminary attempts to express 
selected lactococcal genes in Leuconostoc ha't§ been made. In addition, a study dealing with the 
iA.....,J VI I !II..JIII ''"IIUILIVII VI~ IIIYIIY\tYIYY9 ' ' 9 J I!Q.;, Ut:<t:<ll \.,VIII~.IIClCU d.llU ~UUII:::ifft!U . 
is pas;t year. we have focused primarily on the characterization of a small cryptic plasmid in 
;onosttoc dextranjcum 226 designated pMBB1 . Our goal in this regards is two fold. One , we 
1 to gsin some basic information about plasmid replication and maintenance in Leuconostoc. 
:e sorme of the industrial important plasmids in lactic streptococci , (lactose utilization and 
tolysis) plasmids in Leuconostoc are very stable. Secondly, we plan to use this plasmid as 
tackbcone for construction of cloning vectors which will be based on a Leuconostoc replicon 
:>resutmably have the same stability as native Leuconostoc plasmids. 
ecific<ally, we have mapped pMBB1 with restriction endonucleases and sized it at 
:>ximal!ely 2.85 kilobases in length. By using molecular cloning techniques . we have located 
1rigin cof replication on a 1.9 Kb Mbo1 fragment. We are currently sequencing pMBB1 and to 
have the complete nucleotide sequence of the 1.9Kb fragment containing the origin of 
:ation as well as most of the remaining sequence. Efforts are under way to determine the 
~dnes;s of pMBB1 to other plasmids, possible open reading frames . and other characteristics 
>mparring the sequence to known sequences in computer databanks. An in vitro procaryotic 
ted tr<anscription-translation assay has allowed us to identify two proteins that are encoded 
\..1BB1 . In addition , we have cloned a chloramphenicol resistance gene onto the 1.9 Kb 
1ent. ccompleting the first step towards constructing a cloning vector. This construction has 
allowed us to determine that this plasmid has the ability to replicate in Lactococcus ~as 
3.S Letuconostoc species other than Leuconostoc dextranicum. 
act off Research: 
~ resuJits that we have produced this last year augment those that we have achieved in the 
ous y1ears. By increasing our understanding of the basic molecular mechanisms of the 
onostroc spp. we increase our chances of being able to successfully engineer these 
1isms with the traits that the dairy industry deems benificial. By improving or altering the 
tcteris;tics of Leuconostoc. current dairy fermentations can be improved or stabilized as well 
lowing) the development of new specialty dairy products or cheeses. 
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Obljectives: 
Thte overall objective is to understand the molecular mechanism of phage adsorption. Specifically, 
the , objectives are: 
l . To identify the bacterial component, cell wall versus cell membrane, responsible for 
receptor activity. 
2 . To define the phage receptor at the molecular level. 
3 . To better understand the mechanism of resistance to binding and use this information in 
combination with other mechanisms of resistance ultimately to produce permanently altered 
strains unable to be attacked by bacteriophages 
Re,sults: 
In tour last progress repon (1987-1988), we have shown that the receptor sites of all phages 
stutdied were located on the cell wall rather than the cell membrane. The bacterial hosts used were 
L. 1/actis C2 and ML3, L. crerrwris KH and 205 and L diactylactis 18-16. Subsequently we 
hawe found that the group-specific carbohydrate is the phage receptor for all of the 21 phages to 5 
hmsts that we have studied. We are currently collecting and analyzing data that will more narrowly 
deffine the molecular determinant of the receptor in Lc crerrwris KH. Our strategies in pursuing 
thi!s goal are: 1. to analyze and identify the cell wall components in Lc cremoris KH; 2. to isolate 
phmge binding resistant mutants and determine the changes in their cell wall components from the 
willd type; 3. to define the determinant of binding using lectins with different specificities; 4. to 
stu1dy the interaction of phage to the determinant. 
Thte cell wall of L crerrwris KH was analyzed by Gas Chromatography (GC) and Mass 
Sp<ectrometry (MS). The components found on the cell wall were rhamnose, galactose, glucose, 
N-;acetylglucosarnine and muramic acid (fig. 1 and 2). The ratio of rhamnose, galactose and 
glwcose per unit dry weight of cell wall is approximately 6.8:1:1.6 respectively. As a first step to 
deffme the determinant of phage binding, the resistant mutants were isolated and cells with 
mwtations in the phage binding were screened using four different phages infective to L. crerrwris 
KH . The cell walls of three selected resistant mutants were analyzed by GC. In the resistant 
mwtant 1 (RMKH 1 ), reductions in percentages of binding of all four phages were found (table 
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1) . . RMKH 1 had 38% less galactose than the wild type (table 2). This suggested that galactose 
wrus an important component in phage binding. The RMKH 2 cells exhibited a total loss in 
bimding to both phages kh and ml3 and a small reduction in binding to phage 643 (table 1). 
IU.\.1KH 2 had 57% less rhamnose and 46% less galactose molecules than the wild type (table 2). 
l1uis suggested that in addition to galactose, rhamnose was an important component in the binding 
of phages kh and ml 3. In RMKH 3 cells, the cell wall was found to contain 86 % less galactose, 
32~% more glucose and 17% more rhamnose molecules than the wild type (table 2). An 86% loss 
of galactose in the cell wall of RMKH 3 contributed to a significant loss in binding of all four 
ph1ages (table 1). Therefore the data suggest that galactose is essential to the binding of all four 
ph1ages and both the rhamnose and the galactose are necessary for the binding of phages kh and 
ml l 3. However it is difficult to judge from these results the specificity of binding of each of this 
ph1age. 
Fuuther evidence of the importance of each of these components to the binding of phage kh was 
ob1tained from lectin binding studies. Lectin from Monwrdica charantia (specific for galactose) 
inlhibited the binding of phage kh to the cell wall whereas lectin from Vicia faba (specific to 
ghucose) did not (fig. 3). The addition of soluble galactose to the binding assay reversed theM. 
chtarantia lectin inhibition of phage binding to the cell wall (fig. 4). This indicated that the lectin 
inlhibition of binding of phage kh to the cell wall was a result of the binding of M. charantia lectin 
to galactose on the cell wall. 
Allthough the lectin studies suggested that phage kh bound to the galactose on the cell wall, 
imcubation of phage with D (+)galactose was not inhibitory to the phage infection (fig. 5). 
Hcowever, phage kh binding was inhibited up to 99 % when the phage was incubated with 0.6 M 
a-IL(+) rhamnose. The inhibition was specific because D (+)glucose and both a-D(+) and a-L (-) 
fu(coses, the stereoisomers of rhamnose, were not inhibitory (fig. 6). Further evidence that 
rh<amnose is inhibitory to phage kh is that cells of L. crenwris KH grown in the presence of 0.4 
M ' rhamnose were protected from lysis whereas cells grown in the presence of 0.1 M rhamnose or 
wiithout rhamnose were lysed by phage kh (fig. 7). When cells grown in the presence of 0.4 M 
rh1amnose were washed free from rhamnose and resuspended in M17 broth in the presence of 
ph1age, lysis of cells occurred (fig. 8). This indicates that protection of the bacterial host cells is 
dUie to phage inhibition by rhamnose rather than the emergence of a phage resistant mutant. All of 
threse suggest that the major determinant of binding for phage kh is rhamnose and the 
cmnfiguration of the receptor molecule is important to phage binding 
Prreliminary evidence (not shown) indicates that antisera directed against the oligo-rhamnose 
grroup B specific carbohydrate from Streptococcus pyogenes inhibits phage kh binding to L. 
crtemoris KH . This suggests that rhamnose is an important determinant of the phage kh receptor. 
G<alactose plays an important role in determining the phage receptor. This is apparent from the 
lmss of galactose in all mutants analyzed, even though rhamnose was fully present in at least one 
of' the mutants. Rhamnose also plays a crucial role in phage binding, as shown by the ability of 
Solluble rhamnose to prevent phage infection, and the difference in loss of phage kh and ml3 
blinding between RMKH 1 and RMKH 2. We speculate that galactose may determine the 
comformation of an oligo-rhamnose phage binding site. Alternatively, both carbohydrates may be 
ne,cessary for an optimal receptor . 
Irmpact of Research 
B<acteriophage adsorption to the bacterial host cell is the first step of infection. If phage cannot 
blind to its host, it cannot infect the cell Our findings are particularly significant in that; phage 
blinding to the cell wall fragment (non viable cells) is practically irreversible and rhamnose, the 
de,terminant of phage kh binding, is inhibitory to phage infection. Addition of a soluble receptor, 
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i.e~ .. rhamnose, to a growing culture in the presence of phage irreversibly inhibits phage infection. 
Thus indicates that phages can be inactivated using mimic receptors. A strategy using mimic 
re'ceptors and possibly in combination with other mechanisms of resistance needs funher 
inwestigations to develop into a comprehensive phage prevention program . 
Pmblications: 
V;alyasevi, R., B. L. Geller, and W. E. Sandine. 1989. Characterization of bacteriophage 
re,ceptor sites for lactococci. J. Dairy Sci. 72 (Suppl. 1):145. 
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Fig. 1 Gas Chromatography of Cell Wall components of Lc cremoris KH 
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'Jfable 1. The Percentages of Phage Binding to Cell Walls of 
Lc cremoris KH and the Resistant Mutants. 
Phage Wall(mg) KHWT RMKH 1 RMKH2 RMKH3 
% Binding 
khkh 0.5 99-98 68-65 12-2 0 
643 5 84 71-40 75-66 16-0 
ml3 0 .5 98 71-69 0 3 7-0 
c 2 1 0 84 41-40 96-95 3 8-0 
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T.'able 2. The Concentrations of Hexose Molecules in the Cell 
Walls of Lc cremoris KH Wild Type and the Phage 
Resistant Mutants and Their Perc entage Changes Ov er 
the Wild Type. 
Rhamnose Galactose Glucose 
~g * % change ~g * % change ~g * %change 
KHWT 159 24 38 
RM KH 1 138 -13 15 -38 41 +8 
RM KH 2 68 -57 13 -46 34 -10 
RM KH 3 186 +17 3 .3 -8 6 50 +32 
+ increase 
reduction 
* expressed in equal dry weight of cell wall hydrolyzed 
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fhe owerall objective is to understand the molecular mechanism of phage 
~dsorrption by lactococcus bacteria. Specifically, the objectives are: 
1. Teo identify the bacterial components including the cell wall and the cell 
mrembrane, responsible for phage attachment, release and penetration of 
pthage DNA. 
2. Teo define the phage receptor at the molecular level. 
3. Teo better understand the mechanisms of resistance of binding, release and 
pEenetration of phage DNA and use this information in combination with 
otther mechanisms of resistance to ultimately produce permanently altered 
sttrains unable to be attacked by bacteriophages. 
Resurlts: 
In our · last report , we showed that the rhamnose component of the extracellular 
::>olyscaccharide of L ~ subsp. cremoris KH is the determinant of 
::>acterriophage kh binding. The galactose molecule of the cell wall 
C>olyscaccharide also plays an indirect role in the binding and is an essential 
structtural component of the determinant of binding. Currently we are studying 
the mcechanism of phage adsorption to .L.. ~ subsp. ~ C2. 
Our sttrategy in studying the determinant of phage binding of L ~ subsp. ~ 1c2 is similar to that used with L ~ subsp. cremoris KH. First , cells with 
mutati.ions in binding were isolated and changes in the saccharide components 
::>f the ! cell wall polysaccharides were analyzed by gas chromatography . Lectins 
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ith a:Jifferent specificities to the saccharide components of the cell wall 
olys<accharide were incubated with the cell walls and losses in the abilities of 
hagfe binding to the cell wall were analyzed. Lastly, we used the free 
acctnaride receptor to compete with the cells to bind the phage and thereby 
nhibitted the phage from lysing the cells. 
he c;ell wall polysaccharide of LJ.acti.s. subsp. J.acti.s. C2 was analyzed by gas 
chronnatography and found to contain rhamnose, galactose, glucose and N-
acetyrlglucosamine. The mass ratios of rhamnose:galactose :glucose:N-
acetyrlglucosamine were 5.3:1 :1.7:2.0. 
The ~hage resistant mutant cells were isolated by superinfecting cells with 
phag!e ski or c2. Of the approximately 50 mutants isolated from cells 
superrinfected with phage c2, all of the cells retained their abilities to bind 
phag!e. When 8 of these mutants were tested for their abilities to form plaques, 
all died not form plaques. In a similar finding, any 3 of 35 phage ski resistant 
mutarnts lost their abilities to bind phage but not form plaques. These results are 
in corntrast with our studies of the resistant mechanism of the mutant cells of L 
~:. subsp. cremoris KH. Of the approximately 20 phage resistant mutants of L 
~\ subsp. cremoris KH isolated from cells superinfected with phage kh, all 
exhib>ited losses in the abilities to bind phage. The results thus far suggest that 
the nnechanism of phage resistance in most of the mutants of L ~ subsp. 
~\ C2 does not involve changes in the carbohydrate receptors. It is possible 
that s ome of these mutants have altered membrane proteins which prevent the 
relemse and penetration of phage DNA. 
The ffixtracellular polysaccharides from the phage ski resistant mutants (RMSKI) 
were analyzed by gas chromatography. RMSKH showed a 149% increase in 
rhammose and 47.2% decrease in glucose (table 1 ). These changes in the 
extratcellular polysaccharides can be correlated with 57% and 82% reductions 
in bimding of phages c2 and ski respectively (table 1 ). RMSK1-2 had an 
incre<ase of 149% in rhamnose and a reduction of 23.4% in glucose in the cell 
wall wolysaccharides which correlated with a 30% loss in binding of phage c2 
and 52% of phage ski (table 1 ). RMSK1-3 had a 75.7% gain in rhamnose and a 
32.5°1/o reduction in glucose. These changes correlated with a 14% loss in 
bindirng of phage c2 and 17% of phage ski (table 1 ). 
The cdata suggest that the losses in glucose molecules in the cell wall 
polys:accharides of the mutant cells can be directly correlated with the losses of 
phag1e binding. This direct correlation can be derived as follow~ . There are 
apprcoximately the same amount of rhamnose molecules in RMSKI-1 as in 
RMS:K1-2 cells, but RMSK1-2 have 31% more glucose molecules than RMSKI-1. 
This higher amount of glucose molecules in RMSK1-2 cell wall polysaccharide 
reflects the higher percentages of phage binding to RMSK1-2 than to RMSKI-1. 
In adldition , an increase in rhamnose in the mutants correlates with reductions in 
phag1e binding. There is more glucose in the cell wall polysaccharides of the 
RMS:K1-2 than RMSKI-I, yet the percentages of binding of phages ski and c2 to 
RMS:K1-2 were much lower than to RMSK3 (table 1 ). The increased rhamnose 
may rmask the receptor causing a decrease in phage binding to the cell surface. 
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reinccubation of cell wall with lectin from Concanavalin A (lectin specific to 
lucofSe inhibited up to 40% of phage ski binding to the cell wall (fig. 1 ). This 
nhibittion was reversed by adding glucose (fig. 2) The inhibition was specific to 
plucofSe because addition of galactose did not have the same effect (fig. 2). This 
suggelsts that Concanavalin A lectin inhibited phage ski binding to the receptor. 
In a siimilar experiment, lectin from ~ f.aQ.a which also binds specifically to the 
glucofSe molecule, inhibited up to 20% of phage binding. The differences in the 
percetntages of inhibition can be explained by the difference in their molecular 
sizes .. Lectin from V. faQ.a (MW- 50 x 1 Q3) is one-half the molecular size of 
lectin from Concanavalin A (MW- 102 x 1 Q3 ). The reason that lectin from':!... 
!aQ.a w.tas not as inhibitory as lectin from Concanavalin A, is likely due to its 
small!er molecular mass. Other lectins specific to N-acetylglucosamine or 
galacttose did not inhibit phage binding (data not shown). 
lncub;ation of phage ski with O.SM rhamnose decreased phage binding by 99% 
(fig . 3\). This inhibition is specific to rhamnose as other sugar found on the cell 
wall ((glucose, galactose, glucosamine or N-acetylglucosamine) did not inhibit 
(fig. 31). This seems to suggest that the primary receptor for phage ski is the 
rhammose component of the extracellular polysaccharide. However when 0.6M 
rhammose was included in the growing culture in the presence of phage ski , 
cells 1were not completely protected from lysis by the phage (fig . 4). After about 6 
hours;, cells growing in the presence of rhamnose and phage started to lyse. 
The r:ate of cell lysis was noteably slower than the control cultures that did not 
contalin any rhamnose molecules. This was in contrast to phage c2 infection, 
where 0.6M rhamnose prevented lysis (fig. 4). 
The p>reliminary data suggest that the molecular components of phage ski 
recep1tor may be a combination of rhamnose and glucose. The mechanism of 
resist ;ance to phage c2 and phage sk1 in most of the resistant cells appears to 
be mwtations at steps subsequent to the initial attachment of the cell surface 
recepltor. Mutations in membrane proteins which caused blockage of the 
release and penetration of phage DNA have been reported in phage T4 and 
]lambda phage. Moreover, in a closely related strain of L J..ac1i.s. subsp. lactis C2, 
phage ml3 has been reported to be inactivated by the lipoproteins from the cell 
'membrane of L J..ru;1is subsp. J..ru;1is ML3. It is possible that the resistance 
mech;anism of the mutant cells which 
bind tm phage but do not form plaque is due to the mutations of the membrane 
proteiins . 
lmpa1ct of Research: 
Over 80% of failed fermentation by mesophilic starter cultures are the result of 
bactetriophage attack. In our last report, we showed that mimic receptors ie. , 
rhamtnose can be used to inhibit infection of phages from L J..ac1i.s. subsp. 
cremmris KH. In this report, we demonstrated that rhamnose is also effective in 
inhibi1ting or sufficiently delaying infection of phages from L J..ac1i.s. subsp. J..ac1i.s. 
C2. E:limination of bacteriophage problems during fermentation means a more 
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fficielnt cheese production, more uniform products and better consumer 
ccepJtance of the products. Without doubt, this translates into better profits to 
he dairy companies and farmers. 
Publiication and Abstracts: 
"Charracterization of Bacteriophage Receptors of lactic acid bacteria" R. 
Vialyasevi , B. L. Geller and W. E. Sandine. American Dairy Science 
A1ssociation Conference, Lexington, Kentucky (July 1989). 
"The I Bacteriophage kh Receptor of Lactococcus ~ subsp. cremoris KH is the 
Rlhamnose of the extracellular wall polysaccharide" R. Valyasevi, W. E. 
S>andine and B. L. Geller. Appl. Environ. Microbial. (in press) 
Patemts: 
Use of rhamnose and rhamnose containing materials to inhibit bacteriophages 
of lac~tic acid and related bacteria. A disclosure document has been filed with 
the O>regon State University Technology Transfer Office. It is being evaluated by 
patemt attorneys. 
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Table I. Phage Binding and Saccharide Analysis of Resistant Mutants 
carbohydrate' 
% of phage binding (ug/mg cell wall) 
strain• c2 sk1 Rham Gal Glu Acglc 
C2 98 93 228 43.4 72.5 86.0 
RMSK!-1 16 36 568 33.9 38.2 113 
RMSK1-2 46 63 565 39.8 55.5 117 
RMSK!-3 71 79 401 32.5 48.9 89.6 
• C2 , wild type strain C2; RMSK I , phage resistant mutant. 
b Rham, rhamnose; Gal, galactose; Glu , gl ucose;Acglc, N-acetylglucosam.ine 
0.00 0.04 o.oa 0 . 12 0 . 16 0 .20 0 .24 0 . 28 
F ·igure 1 . Effects of different concentrations of lectins from 
Cconavalin A ( o ) and V. faba ( + ) 
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Figure 4. The effects of L( + ) rhamnose on the growth of phage-infected liquid cultures of L. /a ct is subsp. /act is 
C2 an1d L. lactis subsp. /actis var diacetylactis 18-16. Symbcls: 0 , 0.6M rhamnose and phage ski; L1 , 0.6M 
rhammose and phage c2; 0 , phage skI ; + , phage c2; x , phage 18-16 and L. !act is subsp. !act is var diacetylactis 
18- 16 and V , without phage 
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The mverall objective is to understand the molecular mechanism of phage adsorption 
to thEe surfaces of lactococcus bacteria. The specific objectives are: 
11. To identify the cell surface location of the bacteriophage receptor. 
2. To define the bacteriophage receptor at the molecular level. 
Res1ults: 
Our results can be summarized in four groups: 
·1. We have found that the receptor for the bacteriophage kh on Lactococcus 
lactis subsp. cremoris KH is the rhamnose of the extracellular wall 
polysaccharide. In addition, galactose is required , but appears not to directly 
interact with the phage. We also found that phage infection was prevented by 
adding rhamnose to either the phage or growing cultures . 
. 2. The phage ski receptor on L. lactis subsp. lactis C2 was found to be the 
rhamnose of the exopolysaccharide. In addition, glucose appears to be 
required , although it is probably not the primary binding site. 
3. We have tentatively identified the phage c2 receptor on L. lactis subsp. lactis 
C2 as the rhamnose of the exopolysacchraride. Neither galactose, glucose of 
N-acetylglucosamine are involved. The binding of phage c2 apparently is 
reversible. This is in contrast to the binding of phage ski, which is irreversible. 
4. We have identified and partially purified a membrane protein required for 
bacteriophage c2 and ski infection of L. lactis subsp. lactis C2. The protein 
has an apparent Mr = 350,000 and a subunit size of 32 KDa. · 
lm!J)act of Research: 
OvEer 80% of failed fermentation by mesophilic starter cultures are the result of 
bacteriophage attack. In order to design rational ways of combating this very 
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ificamt economical problem of the cheese-producing industry, more must be 
n about the mechanisms of phage infection in lactococci. One very sensible way 
iminating this problem is to prevent the initial attachment of the phage to the starter 
ure cells. Without attachment, infection is impossible. Our research has begun to 
~e thEe molecular determinants of the phage receptors on the surface of different ns of f lactococcus /actis. Two potential approaches for preventing phage chmemt have been elucidated form our results : 
1. Soluble rhamnose added to the growth medium can inactivate at least three 
~hage;;, or prevent infection of a growing culture. While it would be 
i1mpractical to add rhamnose to the milk used in making cheese, polymers of 
rrhamnose might be added to milk to act as a phage "adsorbent•. These 
rpolymers might even be secreted by lactococci genetically programmed to 
$ynthesize such polysaccharides. 
2. tA membrane protein which we have found can be mutated to an extent which 
(prevents phage infection, but has no apparent effect on the growth of the 
!bacteria. This would suggest that an improved strain could be constructed by 
!genetically reprogramming the starter culture with an appropriately mutated 
;and stable copy of the required protein . 
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PrOlject Title: Purification of a bacteriocin from Pediococcus pentosaceus and 
genetic transfer of the plasmid borne determinant 
Per~sonnel: Mark A. Daeschel. Assistant Professor, Food Science and Technology, Oregon 
State University 
Ms. Xintian Ming, Graduate Student, Food Science and Technology, Oregon 
State University. 
Fumding Sources: Western Dairy Foods Research Center 
Oregon Agricultural Experiment Station. 
Ob,1jectives: 
The primary objectives of this study are twofold. 
1. To purify the bacteriocin, Pediocin A, using protein purification methodology to a purity 
suitable for the production of polyclonal antibodies. 
2. To genetically transfer the pediocin A plasmid (pMD136) into dairy fermentation strains via 
the current state of the genetic transfer systems that have been demonstrated with lactic acid 
bacteria 
Re~s ults: 
Thiis project has just finished it's first year of work during which time we have focused on 
comcentration and purification of Pediocin A to the extent where it could be incorporated into a 
sel<ective medium suitable for the recovery of transformants. We have not been able to 
dermonstrate activity in culture supernatants in which Pediocin A producing Pediococcus 
pemtosaceus has been cultivated. Ultrafiltration or dialysis concentration of supernatants did not 
restult in detection of Pediocin A activity when assayed by the well diffusion method. However, 
actiivity is clearly is seen with the deferred antagonism method using the same medium (Trypticase 
So)y Broth). 
A c::oncurrent approach to developing a selection system for recovering Pediocin A transformants 
is tm utilize the antagonistic effect that Pediocin A transfonnants would have on untransformed 
rec:ipients. Previous data (Daeschel, unpublished) has shown the frequency of (Bac·) cells within 
powulation harboring pMdl36 ranged from .001% to 99.9% depending on temperature of 
culttivation. Populations that were predominantly (Bac·) after cultivation at 42 C became 
pre!dominantly (Bac+) after several growth transfers at 37 C. This may reflect the "~elf selecting" 
of tthe bacteriocin-immunity genotype where plasmid (pMD136) cured cells may be vulnerable to 
the: bacteriocin. Our next experimental approach will be to utilize these observations to develop a 
seltection system for Pediocin A transformants based on their ability to predominate over 
untrransformed cells after several growth cycles. 
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Ecconomic Impact: 
Moodem genetics has provided the tools for construction lactic acid bacteria with the ability to 
enhhance the quality of fermented dairy foods and to provide a higher degree of preservation. 
Gecnetic transfer systems such as transformation, transduction and conjugation have been 
denmonstrated in lactic acid bacteria and are currently being used by research in dairy staner 
cultlrures for strain improvment. These technologies will allow us to transfer into dairy culrures 
the ! g~nes that encode for antagonistic substances (bacteriocins) that are active against a variety of 
unddesirable spoilage and pathogenic microorganisms that occur in fermented dairy foods. The 
inhhibition of undesirable microoganisms will allow for enhanced product quality and safety which 
in L the long run will enhance milk utilization. 
Of f current concern to cheese processors are the occurrence of microoganisms which cause 
bloowing faults (Clostridium tyrobutyricum) in Swiss-type cheese and Listeria monocytogenes a 
patlthogen which can contaminate milk and soft cheeses. Bacteriocin producing staner culrures is 
onee approach for controlling the incidence of such microorganisms in fermented dairy foods. 
Ceertain bacteriocins from non-dairy lactic acid bacteria have been shown to inhibit clostridia and 
Lis-steria as well as other pathogens such as Staphylococcus aureus. The aquisition of bacteriocin 
prooducing ability by dairy staner culrures through genetic biotechnology may allow the 
dew elopment of strains superior to those presently available. 
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oject t Title : 
rsomnel : 
mdin1g Sources: 
bjecti ives : 
Purification of a bacteriocin from Pediococcus 
pentosaceus and genetic transfer of the plasmid 
borne determinants 
Mark A. Daeschel. Principal Investigator, Dept. of Food 
Science and Technology, Oregon State University 
Xint ian Ming , Dept. of Food Science and Technology, 
Oregon State University 
Western Dairy Foods Research Center 
1e prirmary objectives of th is study are twofo ld: 
lTo purify the bacteriocin , Pediocin A, using protein purification methodology to a 
pJurity suitable for the production of polyclonal antibodies. 
lTo genetically transfer the Pediocin A plasmid {pMD136) into dairy fermentation 
s;trains via the current state of the genetic transfer systems that have been 
dJemonstrated with lactic acid bacteria. 
~suits; : 
ltial sttudies were focused on concentration and purification of Pediocin A to the extent 
nere iit could be incorporated into a selective medium suitable for the recovery of 
msforrmants. We have not been able to demonstrate activity in culture supernatants in 
nich P'ediocin A producing Pediococcus pentosaceus has been cultivated. Ultrafiltration 
dialyffii s concentration of supernatants did not result in detection of Pediocin A activity 
[
en a~ssayed by the well diffusion method. However, activity is clearly seen with the 
!erred antagonism method using the same medium (Trypticase Soy Broth). 
uring the 2nd year we concentrated on optimizing electroporation transformation 
ocedUJres for Pediococci and Lactococci with the view of introducing the Pediocin A 
asmid l since we are unable tat this time to use Pediocin A as a selective agent. Two 
!ernatiive approaches are being explored. The first approach is to optimize 
actrop>oration conditions so that co-transformation of pMD136 and a directly selectable 
arker (antibiotic resistant plasmid) could occur. Co-transformants could then be 
jividu;ally screened for Pediocin A production. The second approach is to clone into a 
·ectly selectable plasmid vector the Pediocin A genes for production and immunity to 
ldiocirn A. Both approaches are dependent on high transformation frequencies . We have 
!en atble to transform 3 of 5 strains of pediococci using the plasmid vector pNZ12. 
ansforrmation frequencies were in the range of 2·3 X 102 per ug of DNA. We have also 
!en atble to obtain transformation frequencies of about 1 X 1 06 per ug of DNA with 
tctoco1ccus lactis LM 2302 which will be used as a recipient for pMD136· pNZ12 co-
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nsforrmation experiments. 
ring the past year we have redoubled our efforts toward isolating active Pediocin A. 
riouru media formulations were evaluated in both deferred antagonism and supernatant 
1 
says .. We still have been unable to make significant progress in isolating enough active 
ediociin A in sufficient quantities for use in plasmid transformation experiments. It 
ppearrs that Pediocin A may be a very fragile protein in terms of maintaining bioactivity. 
le betlieve that physical manipulations may accelerate loss of activity. During the 
1main<der of the project period (till January 1, 1992) we will explore other isolation and 
)ncemtration procedures that minimize physical stresses to proteins. 
npactt of Research: 
loderm genetics has provided the tools for constructing lactic acid bacteria with the ability 
1 enh<ance the quality of fermented dairy foods and to provide a higher degree of 
reserwation. Genetic transfer systems such as transformation, transduction and 
onjug<ation have been demonstrated in lactic acid bacteria and are currently being used 
y researchers in dairy starter cultures for strain improvement. These technologies will 
llow urs to transfer into dairy cultures the genes that encode for antagonistic substances 
)acterriocins) that are active against a variety of undesirable spoilage and pathogenic 
1icroorrganisms that occur in fermented dairy foods. The inhibition of undesirable 
1icro01rganisms will allow for enhanced product quality and safety which in the long run 
rill enthance milk utilization. 
>f currrent concern to cheese processors are the occurrence of microorganisms which 
ause blowing faults (Clostridia tyrobutyricum) in Swiss-type cheese and cheeses. 
lacteriiocin producing starter cultures is one approach for controlling the incidence of such 
1icrootrganisms in fermented dairy foods. Certain bacteriocins from non-dairy lactic acid 
1acteriia have been shown to inhibit clostridia and Listeria as well as other pathogens 
uch ats Staphylococcus aureus. 
"he acquisition of bacteriocin producing ability by dairy starter cultures through genetic 
liotecmnology may allow the development of strains superior to those presently available . 
1ublic:ation and Abstracts: 
~one 
,atentts : 
~one 
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Pnoject Title: Prediction and Determination of the Efficacy of Nisin in Dairy 
Foods 
Petrsonnel: M.A. Daeschel, Assistant Professor, Dept. of Food Science and Technology, 
Oregon State University 
F.W. Bodyfe lt. Professor, Dept. of Food Science and Technology, 
Oregon State University 
Nancy Eid, Student and Student Worker, Dept. of Food Science and 
Technology, Oregon State University 
Randy Bender, Research Assistant, Dept. of Food Science and Technology, 
Oregon State University 
Fumding Sources: Western Dairy Foods Research Center 
Oregon Agricultural Experiment Station 
Olbjectives : 
1. To determine what molecular components of milk can interact with nisin and affect its activity. 
2. To use the information gained from achieving the first objective to predict and determine the 
efficacy of nisin as a preservation agent in novel dairy foods such as carbonated milk 
beverages. 
3. To determine the efficacy of nisin on the inhibition of Bacillus sp. in selected milk and milk 
products and the subsequent impact on keeping quality. 
R results: 
Ex{perirnents were conducted to determine what specific components of dairy foods could enhance 
or diminish the activity of nisin. Nisin has been reponed to be adsorbed to protein components of 
cemain foods. We examined a series of proteins including the milk protein, Beta-lactoglobulin, for 
threir effect on nisin activity in aqueous solution. Fig. 1 (c) shows a protective effect of Beta-
lacctoglobulin on nisin sensitive bacteria when exposed to nisin. This is evidenced by the growth 
of · the seeded bacteria in the area where Beta-lactoglobulin has diffused from the well into the 
mredium. The outer ring of inhibition in well C is due to nisin diffusing faster than Beta-
lacctoglobulin. 
EJCCperirnents were also conducted to test the effect of milk fat on the activity of nisin. Nisin was 
ad·!ded to non-fat milk, 4% milk and heavy cream and then dialyzed against pH 6.5 buffer in 
mtembrane bags and then assayed for activity at 24 hour intervals. The activity in the dialysates 
W<as greatest with non-fat milk and the least with heavy cream. This suggests that milk fat can 
recduce nisin activity by a binding type of mechanism. 
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Imn>act of Research: 
Nisiin is a member of a group of potent antibacterial substances which are bacteriocins. It has been 
sho'wn to be effective in inhibiting certain gram positive species but not gram negative bacteria, 
ye~ts or fungi. Recent investigations have indicated that nisin and/or nisin producing streptococci 
ate :inhibitory toward Listeria monocytogenes, a foodborne pathogen of emerging concern. 
Nisiin, after 25 years of safe use in many European countries was recently affirmed by the Food 
and [ Drug Adminisrration (Federal Register, April6, 1988) as GRAS for use as an antimicrobial 
agemt to inhibit the outgrowth of Clostridiwn botulinwn spores and toxin formation in certain 
pastteurized cheese spreads. The approval of nisin will justify increased research efforts of both an 
appllied and basic nature on the antimicrobial properties of bacteriocins. It is this author's opinion 
thatc nisin will evenrually be approved for use in other types of dairy foods once a sufficient body 
of S>cientific know ledge has been accumulated to justify approval. The use of nisin as an 
antiirnicrobial agent in dairy foods could enhance milk utilization by at least three mechanisms: 
1 ) !Inhibition of spoilage microorganisms in dairy foods could minimize economic losses due to 
spoilage. 
2) Imbibition of pathogenic and tori genic bacteria to provide consistently safe products. 
Contaminated products (such as with Listeria) can give rise to adverse publicity with 
smbsequent sales loss. 
3 ) !Extension of the shelf-life of perishable dairy products . 
Figure 1. Effect of Beta-Iactoblobulin of the ability of nisin to 
inhibit a nisin sensitive bacterium in a seeded agar assay 
A.) 0.1 mg/ml Beta-lactoglobulin+ 100 nisin/ml 
B .) 1.0 mg/ml Beta-lactoglobulin+ 100 nisin/rnl 
C.) 10 mg/ml Beta-lactoglobulin+ 100 nisin/ml 
D.) 100 U nisin I ml 
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· ject 'Title: 
son mel: 
ndingJ Sources: 
•jectiwes: 
Prediction and Determination of the Efficacy of 
Nisin in Dairy Foods 
Mark A. Daeschel, Principal Investigator, Dept. of Food 
Science and Technology, Oregon State University 
Floyd W. Bodyfelt , Principal Investigator, Dept. of Food 
Science and Technology, Oregon State University 
Dong-Sun Junq, Graduate Research Assistant, Dept. 
of Food Science and Technology, Oregon State 
University 
Western Dairy Foods Research Center 
T<a determine what molecular components of milk can interact with nisin and affect 
its activity. 
Teo use the information gained from achieving the first objective to predict and 
d<ete rmine the efficacy of nisin as a preservation agent in novel dairy foods such 
as carbonated milk beverages. 
T<a determine the efficacy of nisin on the inhibition of Listeria and psychrotrophic 
b<acilli in selected milk and milk products and the subsequent impact on safety and 
kEeeping quality. 
D•ocumentation of how food grade emulsifiers enhance nisin activity against Listeria 
m10nocytogenes in high fat containing fluid mi lk. 
!SUits :: 
1r prewious report provided information on the effect of dairy proteins on nisin activity. 
ta-lac:toglobulin was observed to provide a protective effect to bioassay indicator 
cteria wllen exposed to nisin in the presence of the protein . It is hypothesized that 
ta-lac:toglobulin may reduce the activity of nisin by binding it and hence preventing it 
m inh1ibiting microbial cells. 
Jre excperiments were conducted to determine the effects that various components of 
lk hav1e on the efficacy of nisin. Two approaches were used. 1) Determination of nisin 
tivity after exposure of nisin to different types and concentration of dairy proteins and 
s. A q1uantitative bioassay based on well diffusion was employed. 2) Effect of different 
iry co1mponents on the ability of nisin to inhibit Listeria monocytogenes in fluid milk. The 
)SI sig)nificant effect observed was the reduction in nisin activity as the fat concentration 
ts incrreased in fluid milk. Nisin activity as determined by bioassay was decreased by 
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more~ than 90°/0 when added to high fat (11.5%) fluid milk. Concurrently, it was observed 
that nisin was less effective in inhibiting Listeria as fat concentration increased. A 
repreesentative experiment is portrayed in the following figure . (Fig . 1) 
CQj' 8 
... . 
!~ 
Cl) ) 
..JI 6 
~ 50 U/ml Nisin 
E: 4 50 U/ml Nisin with Tween 80 
:3> 
LL.. 
(.)) 2 
en 
Ol 
...u 0 
0 2 4 6 8 1 0 1 2 1 4 
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Figure 1. Effect of % milkfat content of fluid milk on the ability of ni sin to inhibit L. 
mOtU)(0Jtogenes. Sterile milks containing 0. 10. and 50 U/rnl nisin were inoculated with L. 
monoq cogenes Jalisco at levels [ log10 7.15 cfu/rnl for 0 U/rnl, 7.57 for 1 U/ml and 7.25 for 50 
U/rnl] .. 
Thee newly identified project objective ; "Documentation of how food grade emulsifiers 
enhtance nisin activity against Listeria monocvtogenes in high fat containing fluid milk" was 
forrmed on our experimental observation that the emulsifier Tween 80 appeared to 
"restore" nisin activity in milks containing high amounts of milkfat (4·13%) Fig. 2 and 
Table 1. Our working hypothesis to explain this observation is : We believe that nisin can 
bin<d to the surface of milkfat globules and when this occurs. nisin is no longer active or 
available to inhibit bacteria. The higher the fat content of milk. the Jess active or available 
to imhibit bacteria. The higher the fat content of milk, the less active nisin is . We believe 
the ! addition of the emulsifier Tween 80 to milk acts to displace proteins (nisin) from the 
miHkfat globule surface result ing in a restoration of nisin activity. 
70 
TABLE!. Effect of emulsifiers on nisin activity in half-and-half cream and skim milk 
Sample treagnent Inhibition zone dia. Cmml % nisin activirv 
(all contain 50 U/ml nisin) 
skim milk 24.0 82.7 
skim milk+ Tween 80 24.8 100 
skim milk+lecithin 23.8 78.9 
half+half cream (h+h) 16.2 19.6 
(h+h)+ Tween 80 21.0 43.4 
(h+h)+ lecithin 16.0 19.1 
nisin 50 U/ml 24.8 100 
(controls) do not 
contain nisin 
skim milk 0 n/a 
(h+h) 0 n/a 
Tween 80 0 n/a 
lecithin 0 n/a 
n/a=not applicable 
I'll 8 
... 
~ 
Ul 
...J 6 
Nisin 0 U/ml 
E 4 Nisin 1 0 U/ml 3 
u. Nisin 50 U/ml u 2 
Cl 
0 
...J 0 
0 2 4 6 8 1 0 1 2 1 4 
o;o Fat Content 
Figure 2. Effect of Tween 80 (0.2% vol/vol) on the efficacy of nisin (50 U/ml) in milks 
'with varying fat contenLSterile milks were inoculated with L. nwnocywgenes Jalisco at levels 
l[log 10 7.20 cfu/ml for rrearrnents without Tween 80 and log10 7.60 cfu/ml with Tween 80]. 
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The 1importance or implications of these observations to the dairy industry are both 
relev:ant and practical. Nisin has been approved as a GRAS addit ive in cheese spreads 
and vwilllikely be approved for use in other dairy products. An understanding of how nisin 
intercacts with dairy food components is paramount in order to optimize its efficacy and 
appli<cation in dairy foods. 
We jplan to experimentally prove (or disprove) our hypothesis by documenting the 
ads01rption or binding to the milkfat globule and its subsequent desorption. This will be 
acco1mplished by labeling the nisin molecule with a fluorescent probe and microscopically 
visualizing its adsorption to milkfat globules. Desorption by Tween 80 will be documented 
in thEe same manner. This information will corroborate our existing data on nisin activity 
mea~surements as affected by milkfat and Tween 80. 
Impact of Research: 
Nisim is a member of a group of potent antibacterial substances which are bacteriocins. 
It ha:s been shown to be effective in inhibiting certain gram posit ive species but not gram 
negmtive bacteria, yeasts or fung i. Recent investigations has indicated that nisin and/or 
nisin , producing streptococci are inhibitory toward Listeria monocytogenes, a food-borne 
path<agen of emerging concern. 
Nisim, alter 25 years of safe use in many European countries was recently affirmed by the 
Food and Drug Administration (Federal Register. April 6, 1988) as GRAS for use as an 
antinnicrobial agent to inhibit the outgrow1h of Clostridium botulinum spores and toxin 
form1ation in certain pasteurized cheese spreads. The approval of nisin will justify 
increased research efforts of both an applied and basic nature on the antimicrobial 
prop1erties of bacteriocins. It is this author's opinion that nisin will eventually be approved 
for wse in other types of dairy foods once a sufficient body of scientific knowledge has 
beern accumulated to justify approval. The use of nisin as an antimicrobial agent in dairy 
foodls could enhance milk utilization by at least three mechanisms : 
1. Inhibition of spoilage microorganisms in dairy foods could minimize economic 
losses due to spoilage. 
2. Inhibition of pathogenic and toxigenic bacteria to provide consistently safe 
products. Contaminated products (such as with Listeria) can give rise to adverse 
publicity with subsequent sales loss. 
3. Extension of the shelf-life of perishable dairy products. 
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Prmject Title: Studies on growth and survival of Bijidobacterium species in 
milk. 
Perrsonnel: J. W. Avres, Professor, School of Pharmacy, Oregon State University 
W. E. Sandine, Professor, Department of Microbiology, Oregon State 
University 
Ronshan Cheng. Graduate Student, Department of Microbiology, Oregon State 
Univ..:rsity. 
Fumding Sources: Western Dairy Foods Research Center 
Oregon Agricultural Experiment Station 
Ob1jectives: 
1. To study the requirements of biiidobacteria species for growth and stability in milk. 
2. To use the oxygen consuming membrane fraction (oxyrase) of E. coli to provide 
anaerobiosis during the growth of biiidobacteria in milk. 
3. To use oxyrase in improving plating condition for enumeration of bifidobacteria in various 
products. 
4. To use newly acquired customized state of the att fermentation equipment to optimize growth 
parameters to maximize cell numbers and stability. 
5. To determine the best delivery system for bifidobacteria cells (lyophilized or frozen 
concentrates) to produce a sweet bifid us milk. 
6. To study the associative growth of bifidobacterial species with other organisms used in dairy 
fermentations such as lactobacilli, lactococci, and Leuconostoc. 
Re~sults: 
A 'whey-based medium (7% sweet whey, 0.05% cysteine and 0.3% yeast extract, WCY-0.3) was 
foumd satisfactory for growth of a variety of Bifidobacterium species without using anaerobic 
comditions. Freshly pasteurized (90°C, 45 min) and cooled (37°C) WCY-0.3 was inoculated with 
0.21.% (106 to 107 CFU/rnl) of the following active Bzfidobacterium: B. bifidum 15696, B. breve 
15'700, B. longum 15':'07, B. breve 15698 , B. longum UO, B. longum Ll2, and B. Iongum 3J. 
Folllowing incubation for 12 hr, most strains reached maximum cell densities of 109 to 5 x J09 
CFU/rn!, except B. bifidum 15696 and B. longum 3J. Addition of the oxyrase to the WCY (7% 
swreet whey and 0.05% cysteine with any level of yeast extract) at 0.03 units/rnl (WCOY) reduced 
the ~ lag phase of all strains, allowing maximum populations to be achieved more quickly. Boiled 
OX)yrase (0.3 unit/rnl, 100°C for 10 min) was found to be a growth stimulant for strain 15707, but 
nott for the others. Two to seven times of population densities could be reached in the WCOY -0.3 
me!dium of four tested strains 15696, 15700, 15707, LlO by incorporating of 1.9% disodium 
glYfcerophosphate or 1.9% ttimagnesium phosphate before 12 h incubation at 37°C . The viability 
of I these strains was retained throughout a 24-hr incubation period, in contrast to rapid death of 
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Proj•ect Title: 
Personnel: 
Fun1ding: 
Objectives: 
Generation of Molecular Probes for 
Bifidobacterial Species 
Joseph W. Booth, Dept. of Biochemistry and 
Biophysics, Oregon State University 
Janina E. Trampy, Dept. of Microbiolpgy, OSU 
William E. Sandine, Dept. of Microbiology, OSU 
Western Dairy Foods Research Center 
The popularity of products containing viable bifidobacterial cultures is well 
knov.vn in Europe and Japan and has risen to a certain extent in recent years in 
such1 products as yogurt in the U. S. as well. The difficulty with using 
bifid<obacteria as adjuncts in dairy products has been their instability in culture 
with other lactic acid bacteria. Research into culturing protocols which enable 
the survival of bifidobacteria when grown with other lactic acid bacteria is in 
gremt need but is attenuated by difficulty in quantitating bifidobacteria in culture 
with other organisms. Attempts to develop a selective plating medium to aid in 
quamtitating bifidobacteria in culture with other organisms have been only 
marminally successful. We have proposed utilization of modern molecular 
biolo>gy to aid in the difficult problem of quantitating bifidobacteria in culture . 
The present report updates research into making molecular probes which will 
be u1sed to tag and identify individual bifidobacterial colonies on colony lifts. 
The molecular probes whose generation is sought are (1) an antibody probe 
agaimst fructose-6-phosphate phosphoketolase--anti-F6PPK, and (2) a DNA 
prob>e with a nucleic acid sequence complementary to a portion of the F6PPK 
gene. The anti -F6PPK probe will quantitate bifidobacterial species by Western 
blottiing colony lifts of plated cultures. The DNA probe will quantitate 
bifid<ebacterial species by Southern blots of colony lifts. The F6PPK gene 
prodluct was chosen as a tag for identification of bifidobacteria because it 
partiicipates in a unique carbohydrate metabol ism pathway known to exist only 
in biifidobacteria. To generate an antibody probe it is necessary to first purify the 
F6P'PK enzyme. To generate a DNA probe it will be ne•ce ssary to clone and 
sequence the gene for F6PPK. 
1. Purify the F6PPK enzyme and obtain antisera against the enzyme to use 
for VNestern blots. 
74 
2.. Construct a library of genomic sequences of a Bjfjdobacterjum specie ; 
idlentify a clone which contains the gene for F6PPK using a probe deduced from 
th1e peptide sequence of the F6PPK protein; sequence the gene for F6PPK; use 
th1e sequence of F6PPK to construct DNA probes which can be used in 
s ;outhern blots to identify bifidobacterial colonies. 
Rlesults: 
S>ignificant protein purification of the F6PPK enzyme has been achieved using 
plrotamine sulfate to fractional~ cell-free bifidobacterial extracts. We have found 
tthat a 1.474 mg/ml final concentration of protamine sulfate precipitates nucleic 
atcid and unwanted proteins while a concentration of 1.534 mg/ml final 
c:oncentration of protamine sulfate quantitatively preciptitates the F6PPK 
eJnzyme. 
Used in conjunction with protamine sulfate precipitation, native gel 
ffilectrophoresis is capable of producing a single band on a gel with F6PPK 
mctivity. Native gel electrophoresis will be usefu l in purifying the F6PPK 
ffinzyme. 
Experiments are currently underway to generate a library of Bifidobacterium 
~ genomic sequences. 
llmpact of Research : 
<Generation of molecular probes for the identification of bifidobacterial species 
1will make possible the accurate determination of numbers of viable 
lbifidobacterial cells in mixed cultures containing bifidobacteria and other lactic 
;acid bacteria. This will facilitate maketing a variety of bifidobacterial-containing 
1milk products of uniform quality where numbers of these bacteria are 
<concerned. 
Publications : 
None 
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ect T"ltle: 
onn~t~l: 
ding:: 
lect1v1es: 
Characterization of Milk Proteolysis by Lactococcal 
Starter Culture Strains Using Amino Acid Analysis 
Rodney J . Brown, Dept. of Nutrition and Food Sciences, 
Utah State University 
Chrjstjna Beer. Dept. of Nutrition and Food Sciences, Utah 
State University 
Western Dairy Foods Research Center 
Use amino acid analysis to study the interactions of the proteinase genes in 
Lmctococcus lactis ssp. /actis cultures that exhibit different proteinase 
ph1enotypes. 
St<abilize the proteinase gene system in the organism. 
Fimd the optimum expression of proteinase genes to improve flavor and texture 
ch1aracteristics in cheese, and to be used for accelerated ripening. 
suits:: 
1ew grraduate student has begun work on this project. She is becoming familiar with 
o-phtthaldialdehyde test and amino acid analysis used to characterize proteolysis of 
k prot<eins during growth, the patterns of individual amino acid concentrations used to 
Facte1rize proteolysis , and cluster analysis for differentiating strains beyond what was 
ssible by visual comparison of the amino acid analysis results. In addition, she is 
rking 'With the proteinase gene system of Lactococcus lactis ssp. lactis cultures. 
pact <of Research: 
JteolytSis from the bacterial starter cultures plays a significant role in the physical and 
janoleptic properties of cheese and other fermented dairy products. Improper 
)teoly:sis can result in a wide number of defects, including bitterness , texture , and 
dy problems. We have ways to measure gross proteolysis but are very limited in 
:hniqwes to profile or characterize proteolysis for individual bacterial strains. The 
oteinatse system in Lactococci is very complex and phenotypic changes relative to 
netic !manipulation of a culture are impossible to measure with present proteolysis 
;ts. T"his method would allow us to measure subtle differences in proteolysis as the 
1netic rcompliment of a culture is modified. An understanding of the interactions of the 
.rious rgenetic factors would allow for the development and optimizations of cultures 
1ed in •dairy fermentations. This project has the potential to greatly enhance product 
1ality, :allow for the production of products with enhanced properties, and even allow 
e dev(elopment of new products by using bacterial strains with different proteolytic 
1ilities .. This method would also be very valuable in identifying and characterizing 
twly dieveloped strains from biotechnological endeavors. 
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